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III all nihiT liiaiii lir^ nl imliistn foiiiiilt-d iiii a 
rlii'iiiical l>a'<i'. a iitiiiiln'i i>l iioni Iiii’^ liavc ari-<i'ti in 
ciiliiH c tiiiii vMlIi l■llallll■l-lMakilll; ilnriii^' llii' iiaul (cw 
ycai' It wiiiilil at I hr lii^t riaiici' a|i|irar tidvisalilc 
til liaM' iiH'hiiliil llii 'i' iiiiM’ltii s. (Ill an cvlcnsivc scali', 
ill ii visiiiij the |ii("-( iii «(iik Ini' tliii iliinl ((icriiian) 
iMlitidii , hill, a> iiii\( lt\ I' Hill al\vav> MVliiilivniiilli* 
with iiii]iiiivi'iiii'iii. ilic aiillmr has ]lr(•ft•|•|■(•li to 
ri‘stiiii hiiii'i'H III 'lah nl the said iimidlics as 
lime iiiiiM il I'elialile whi'ii tested, his |iiini'i|ial di'sife 
lieiiie III iiiaiiitaiii i mu iseness and lire\il\ in dealiii)’ 
^villl Ills iiiaierials i|iiahlies indis|H'iisali^' to a hook 
nileildtsi to act as ,i iisefiil .iihisei tn the |irai'li('Jll 

man. 

I'here are two i|iiestiiiiis Ilf (.'leal iiii|iort.anee to 
the enamel maiiiifaetiiier j liie imieenis the means 
vvliereliy the eiiiisiim|ilioii ^if fuel may he rednceii to 
a miliiiiiiim . the other i-elates to the deeot7ltion of 
white enamel arlieles Ik'ilh these |KiintH have la'cii 
con.sidensi on an extended scale in the |ireHent 
edition, and the jiraelical hiHii will he ahle to form 
a<aonnd o|iinion on the nature of the eilae from tlm 
information ;;iw'n. 

Ilavinj; r(‘eeived ('ratifying' testimony from.many 
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oxjwrtH a« to tlip roliabUt advia* on the prejiaration 
anil uw* of oiianicl.H affonlfii in tlio (■arlicr editions, 
the'author has not jji-eatly altered t!ie arranjsemenl 
and trentnieiit rtf tlie diti'erent si-ctions in revisin|t the 
[irfsent edition, the addition.^ he eonsidered lavessar)' 
iM'in^ mainly eonlineil to niethisls of tirin;.' and ^o the 
deeoration of the tininheil enamelled ware; and he 
iriiHts that the new edition will'neet the winie faMair- 
ahle reception as ali'vad\ accorded to llie work. Any 
information relatino to moelties in the domain of 
tlie enamel industry wdl he thankfnilv reeei\ed and 
utilised foi the eommoii aeal in |iie|i.irinu a tntnre 
(slition. 


I'Al l. ItANltAI'. 




EXA-MELS AND KNAMELLIND. 


I. 

INTRODUCTFON 

The art of covering iiKitallic ami otlra- articles with a 
coating, mostly composed of some colonroil glaze, is one of 
considerable antiquity, and appears to hava; long been practised 
by the cultivated [)Ooples of Eastern Asia, m., tin' (Ihinese 
anil Japanese. How long this same ai't has I)cen known to 
Europeans cannot he d('tinitely .stated, but that the practice 
has been in vogue for sioeral eentiiries is evidenced by the 
presence, in dillerent Eni'opean museums, of variously coloured 
specimens of enamelled work, most probably executed by 
Bj'zantiuc-artists. 

Ancient records and the discoveries made in Egyptian, 
Grecian and Italian ruins, afi'ord plenty of evidence that the 
ancient Egyptians wims' acquainted with coloured glasses and 
enamels, and knew how to maimfacture them in various 
shades, which knowleilge appear,s*also to have been shared 
by the Greeks, who in many of tlie arts and .sciences were 
pupils of the Egyptians. Thuq Democritus of Abdera, who 
flourished in the fifth century befoi’e our ei'a, is said to have 

discovered how to make imitation emeralds, and therefore 

• • 

must 'have been aeijuainted with the materials used for 
imparting a green coloration to glass. 

The Roman, Pliny, to whom we are indebted for his com¬ 
pilation on the condition of the natural science and technical 
• ( 1 ) 
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I’,N\Mi:i;S AND JONAMi;i.(JN<! 


knowledf'o ol' tlu; ijire, makes repeated mention of coloured 
glass, and states that perfectly colourless glass, approaching 
rock' crystal in clearness, was held in the highest, estima¬ 
tion. • 

The matei’ials eniployed hy the ancients foi' colouring glass 
and enamel were precis(;ly the same as those used, at the 
present time, the chemical analysis of antique colom-ed glasses 
and llux<w showing that re(*l was pi^xluced by cuprous o.xide, 
green hy cupric oxide, and bine hy means of cobalt, d’o 
what extent the devi-lopment of the art of glass-making lun.l 
attaimsl among tin' anciiaits is evide-nt from tin' cii'cumstauce 
that they were thoroughly aware of the decolorising effect of 
manganese oxide on glass coloured green hy iron, and made 
use of this boily foi' purifying the glass. 

The art of manufacturing decorative articles, ves.sels, 
weapons and other objects, had already attaimsl a high degrei' 
of perfection in the (.)rieiit at the time when the (,'rusades 
brought Europeans into closer contact with the inhabitants 
of Wh'stern Asia; and it was most probably' through the 
(h'usaders returning from the Holy'Land that these ai'ts first 
hecame domicileil in France and Italy. . . 

A stimulative effect on the knowledgn' of the art of making- 
glass and enamel was exercised by tin- development of alchemy, 
the follow(a-s of whii-h science discovewsl, as a kind of by¬ 
product, methods of pre[)aring differently coloured glass llu.xcs 
in the .slag they only too ffc(|uently obtained in place of the 
gold anticipatc'd. 

The first precise indications on the means of imparting 
colour to glass fluxes wevt! given by the alchemist Porta, in 
his work Majui Nuliiralts (L5()7), which contained sundry 
recipes on this subject. Moreover, the art of making eixamels 
had alreaily at that time arrived at a high degree of eminoiice 
in Italy, evidence of which is afforded by«.still existing glass 
mosaics of the period, the work of Venetian artists. 
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Information on tlir proihiftioii of niuimolled articles in 
particular was aKo ;;iven liy I’orta, as well as by a con- 
teinporayy alcliemist H I’alissy, the latter in bis work* Dc 
Tart de, terre. It is probable that tin' use* of fin bad been 
known alrcad\’ in cMrlier times as an important constituent 
of various (‘iiamels, the ancient (Ireeks ami Kom.ans bavinp; 
been well itciplaiiited with this metal, winch wa-. obtained by 
the Pbienilians from l!rit«in. 

Whilst U]) to the beeinniny^ of the jiresent century the use 
of coloured class IIum's ami enamels was eonlined to the 
decoration of articles of vahm ami jewellmy, in imire recent 
times an industrial application has been found foi- euannd, 
as a coatinc for ii-on to enabh' the metal to withstand the 
inibience of clnnineal reicents In this conni'ction specially 
cood so'viee has been is ridereil by l’leis<'lil, of N'ieniia. It 
sbonld not be fnrynjtle'i, liowever, that a special, iboucll some¬ 
what.restricted, industrial application of cTiamel has existed 
foi-a considia-able time, mimely the enanndliiie of (’lock liials, 
wbieh operatiijM consists in eoatinc a metallic (ceuerally 
cojiper) snbstratiini with a white (fused) enamel. 

fn addition to eoverinc domestic utensils (saii^i'paiis, etc.), 
and vi'ssels foi- the iiiaiiiifactnre of (dieinical preparations, 
enamel is now fre(|Ueiitl} used for coatine- the tubes of 
locomotive and marim- boiler.s, water-[)ipes, and iron stoves 
(which tliereliy acipiirc the external apiiearaiice of tine porce¬ 
lain), as wi-ll as for \ ,irioiis other |^nrpo.ses. 'I'lie circumstance 
that enamel will not bold (except on a surface of {;old, copper, 
or iron, wbicb is tin- reason why its use was formerly limited 
to articles ma'k* of these metals, is aiow no louc(*r an impedi¬ 
ment to its application to other metals, since 1)3^ means of 
electro-platinc, the latter can be covered by a tjiiii layer of 
eojiper on which the enamel can be laid. 

The cnamelline* of iron on a larjfe scale dates back no 
further than about fifty years, ami those at first enirafjfcd in 
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E^fAMULS AND ENAMELLING 


tlie industry contrived to keep tlieir methods secret for a 
considerable time. Now, however, thoui,di many makers 
still lay claim to the pos.session of .special ennmellinff 
recipes known oidy to themsclvs's, .such claims may be 
regariled as intended mendy for purposes of self-advertise¬ 
ment, since nowadays any one who has stmlied chemistry 
and has an exhmsive knowledge of glass-makingL is, after 
careful examination of any enaim^, and aftei' a' series of 
exp(!riments based on tlie re.sult, in a position to imitate an 
original to perfection, and to prepan' enamels of thoroughly 
definite colour, fusibility, etc. 

Chemical knowhslge, howevei’, is not at pre.sent .so wide¬ 
spread in industrial circles that om; can procei'd to describe 
the manufacture of enamels with a presumption that one’s 
hearers or reailei's are full}' aeipiainteil with everything relat¬ 
ing to the metallic oxides and glass. Conse(juently, in order 
to adapt the pre.sent work to the needs of those who are 
delicient in a thorough knowledge of chemistiy, the author 
considers it important to first give some general information 
as to the nature of glass and the properties of such metallic 
oxides as liiid employment in the preparations of enamel. 
'I’he necessity for dealing more particulai'ly with glass arises 
from tiui nature of the enamels thi'in.selvcs, since these bodies 
consist of glass which, by suitabh; admixtures, is remhu’ed 
either transparent or perfectly opaipie; this gla.ss forms the 
basis of every enamel, and is itsc'lf really enamel—in fact the 
most generally used white enamel—which can be converted 
by the emidoyment of suitable pigments into the variou.s 
coloured enamels. 

The capacity of enamel ,to withstand fluctuations of tem¬ 
perature and the action of chemicals, is chielly dependent on 
the constitution of the gla.ss fiasis. One is therefore perfectly 
justified in .saying that no one can make Veally good enamels 
unless thoroughly acquainted with the nature of glass, and 
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ill a position to pi-opaiv ;;laMs masses of the constitution 
reijuisite lor the purj>osi‘ of making enamel. 

The.raw materials for this purpose may he diviilecUinto 
thrcO eniups ■ (1) Those reipiired for thi'pnuluetion of ojlass; 
(2) th'oscmised to eoiivert the olass into an enamel of a "iven 
colour(3) those serving to increase the fusibility of the 
product. 



TfIK COMPOSITION AND I’KOPKimKS^OF ODASS. 


Ill |)oiiit of chemical coiii)iositi(iii cvciT class must lie 
rccai'ilcil as a mixture of two or more salts, there heiiig, 
really, only one exeeption to this rule, viz., the so-calleil 
“water class" which consists of a sincle salt. Formerly 
■silica was the only aci'l Ixxly employed to comhine with the 
basic substances present in class ; hut at the present time 
boric acid is also used in .some kinds of clas.s, a matter of some 
importance in connection with the object now in view, since 
this last-named acid has considerable influence on certain of 
the properties with wdiich class is eiidoweil. One result 
of the use of boric acid is that, whereas fornierl)’ cla.ss could 
he considered as a mixture of silicates alone, this point of 
view now re{|nire.s modilication, accordinc to circumstance,s, 
and fflasses contiiininc boric acid must be characterised as 
horosilicates. • 

At one time the ba.ses employed in class-niakinc were few 
in numher, and consisted .sillely of potash, soda and lime, so 
that the product eouhl he el^,itled either a silicate of potash 
and lime, or a silicate of soi,la and lime. Nowadays, how¬ 
ever, white ^da.ss containii, in addition, zinc oxide and lead 
oxide, which are useil to impart certain.i[ualities to the product. 
The bases just nanieil share with macnesia the property 
oi forminc with silica colourle.ss comiiounds which can'be 
melted or fused by exposure to a suitable det;ree of heat. 
Other bodies, such as alumina, arc, it is true, also capable of 
( 0 ) 
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torminj;' (•oloiirlrss cdiiiimhiiiiI.s with silica, hut arc not suitahle 
for chiss-iuakinc—the nicltiiic-poiuts of their silicates l«itie 
higher tjian tlie teniperaturi' attaiiialde in class I'uniaces, • 

I'll aihlitioii to the colourle.ss classes tiiei'K is another series 
exliibitiiic certain shades of colour. The silicates of iron, 
eohalt, .copper, luaiicaiiesc, etc, for example, po.ssc'ss hiclily 
characteristic- colours, a property utilised in aiial 3 ’tical 
cheinistry to detect tl^' preseilce of the oxides of these 
metals h\’ tlie'coloratioii tiny impart to certain llnxes liel'ore 
tile hlovvpipe 

'riu' colour of these last-named silicates is .so intense as to 
e-mierall^' ap|(ear ipiite hlack, the tine colour onl^' hecomiiic 
apparent when the pure silicates are attenuated or diluted ly 
admixture with others that are colourless. 'I’hns, forexamiile, 
to produce a class tinted hlne In- cohaltons oxide, a colourle.ss 
class ma.ss must he mixed either with a cobalt, compound or 
with a class alreadv deejily coloured with cohalt. 

(,'ertain oxides and other compounds are insolnhle ifi class, 
and consei|nentl\- ly their aid one can convert colourless },dass 
into a perfectly white or si-mi-translucent pori-elain-like mass. 
The Imdies most frci|Uently emploved for this |inr[io.se are 
calcium iihospliatc (in the lorm ol hone ash) and tin oxide. 
It is exclusivelv to this cla.ss ol ylass that the enamels belonc, 
and on that account, they will he more completi-l}- dealt with 
later. 

(ihcss ina\- he divided into ti»c classes, in accordance with 
its chemical composition, n:. -*• 

1. (Ihrss with one or two ba.ses of the same croup: water 
class (potassium and sodium .silica(e). 

2. Glass containinc sineral bases of ililferent croups:— 

It. Ijime class.—Soda-lnne class or potash-lime clas.s. 

• h. Lead class.—•Lead-sodium silicate. 

•‘1. Coloured glasses - soda-lime class with an addition of 
oxides forminc coloured compounds with silica 
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4. ()pa(|uc jrlasscs : soilii-limc glaHS containing bone ash 
or tin oxide. 

f). Opaijne coloureil glas.ses: .soda-lime glass (I'rpquently, 
also mixed with lead glass) containing bone ash or tin oxiile, 
and coloured with nndallic oxides. 

Classes 4 ami T) ai-e tln^ kinds with which we luiye most 
concei'M, thos(! ot class 4 I'orming the white enamels, whilst 
all the colounsd enamels art' com])rjjjed in cla.ss .5. • 

'I’he most prominent of the general projierties of glass 
is its indiliei'ence towarils chmnicals, and it is precisely this 
(pnility which is of such importance in the industrial employ¬ 
ment of enamels. 

With tin; exC(!ption ol hydi'oihioric aciil and the caustic 
alkalies, no chemical reagent has any apparent iidluence on 
properly constituted glass unless tin; ex])Osure be pi-olonged 
for y(!ar,s , conse(|uenf ly, it may rightly be said that glass is 
insusceptible to chemical influences, ai)art from the bodies 
just rfeferred to. I’his propc'rty ol inditference is, howevei’, 
only met with in perlection in the potash-lime glasses, those 
containing lead having an inleidor capacity of resistance; and 
enamels are again inferioi' to the latter, hecause u.suiilly less 
attention is fiestowed on their po.ssession of this ipiality than 
on their reaily fusihility. 

In connection with enamels, howevcv, one should bear in 
mind the purposes lor which they are intended. Thus, when 
it is merely a (|Uestion ot emjiellishing an artistic or decorative 
article, then durability bee4imcs a relatively unimportant 
matter, since such articles are never expo.sed to the full 
influence ol the weather., con.seipiently the oom|X)sition of 
the enamel iced not be spi'cially designed with a view to 
ensuring durability or resisting power. 

On the other haml, the conditions are ditierent for enanwls 
destined to protect the surtace of metals tvom the action of 
chemicals, beauty ol colour being in such event a minor con- 
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sideratioii in conipai'ison witli piiwan’ to witlistanil oxtprnal 
influetiw's. 

The .pniperty ol ix'sistaiiec in liotli i;ltiss and cinUnel 
entivc'ly depends on tlnni' elienneai coin posit ton, pi'opei'ly con¬ 
stituted “'lasses lieino alile to witlistand the action of the 
atinosphjn'c lor ccnfnries witliont apprccialilc injnrv: whilst 
if irelective.*oidy a x'ci'y lew years will elapse hel'oi'e peculiar 
symptoms-or decomposition will become nninirest the nlas- 
becomes dull, even opaipie, and thin scales pcid olf, this oceur- 
ri^nce heino jn-eceded by iridescence. The last |ihcnomonon 
is due not to the I'ormation of coloured com]ionnds hut to a 
special property po.sNe.s.sed by c.xtremel}' thin stiata of colour¬ 
less liodies, and one that is particularly well exemplitied in 
the case of .soap bubbles. Al’ti'i' the se|)ai'ation of these scales 
the o|a,ss appears dull, and l■\bibit,s an nnevon snrface. 

This decomposition is the result of the action of atmo¬ 
spheric cai'lionic acid (c.irlion-dioxidel which dissolves a portion 
of the alkali base and libiaati's silica. 'I’he subjoined analyses 
of the external layers and inner portion of an antii|Ue Homan 
olass vess(d plainly indicate the simiiaiity between this dc- 
compositjon and the weatherine of silicate rocks.- — 
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of hot Wiitei- se(ttn,s to corrode evej-y kind of glass to a greater 
01 ’ smaller extent; and, if conjoined with liigh jmessure, leads 
to’total dia’oniposition of the glass, which yii'lds up alkali to 
tln^ water ami llecomes convertial into an earthy-hjoking mass 
of par ticularly tendin' crystals. 

.VIkalini! Ii(|uids, and pai'ticulai ly the concentratijd caustic 
rdkalies, attack glass the most, the tirst ell'ect'produced being 
the formation of innumei-ahle tin^ tissures which gradually 
exteml thi'oughout the entire suhstance of the glass. .Vs the 
enamels in genei-al helong to the least resistant type of glass, 
special cai'c must he t.ikeii not to employ enamelled ve.ssels 
lor- heating solutions of caustic alkalies. 

The ell'ect produced lai glass varies according to the reagent 
employed ; and in this connection the I'ollowing I'esults obtained 
by a sei'ies of expei-iments will not he devoid of interest, es|)eci- 
ally as they ai'e also generally applicable to enamels. 

In the else of many kinds of glass the energy of the 
reaction is most pi'onounceil at the outset, and increases very 
rapidly as the tempin-ature is raised .VIkalies, even in dilute 
solutions, corrode glass very extensively, whilst dilute acifls 
are less corrosive than water-—lexcept dilute sidpliuric acid, 
which is inor'c powerful tharr the latter'. Salts contuning acids 
which for-rn irrsoluble coirrpounds with lime, attack glass more 
vigor'onsly than water does, the etfect xar-ying directly with 
the concentration o! the .solution—to this class belong the 
salts of the ,'dkali metals tt ith sul|jhurie aciil, phosphoric acid, 
car'bonic acid ami ox,die ruad. Chloriiles and nitrates, on the 
other hand, have but little intluerrce, tin- rrtfect decr-easing as 
the solutions ar'c rnor'e highly concentr'ated. 

The resistiirg jiower of haul glass is urrnsually small, the 
glass heirrg^ attacked by substances errtirelv without action 
on other kirnls of gla.ss. Kveii sulphur'etted hyrh'ogem or 
aiurnorriurrt sulphirle is strong enough to spoil the transparency 
ol hiad gla.ss, which, under their influence, turns grey from 
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the Fonn;itioJ» of lead sulphide, Ihit'oi tiiiuitely, many enamel 
nianulacturers I'eeard the addition of a C()nsideral))e proportion 
of lead i(lass as imndtahie, heini;' of'tlu* en-oni'ous opinion Miat 
this i^ the sole elHcaciou.s nu'thod of ohtainhi;^ a sullieientl}’ 
fusible’prodiict. 

Alth^u;;!! it is indispntahh*. that for oTtaiii purposes of th<‘ 
enamollino nn histry an addition of ]i*a<l o-lass to tiie mixtun; 
cannot 1 h‘ dispensed \vith,Jt .^houl<f neverthi'lrss l>e as small as 
possible, and especially for enamels intended for ust* on cookini,^ 
ut(‘nsils, ]e;i<l pieparations hein*^ undesiral)le for such ware. 

Anotlnu' ])oint that cannot be too clos(‘ly looked after by 
makers of enamels is the bcluuionr of tin* ^dass when heated, 
as it dejxmds (Uitij’ely on the (‘umpositioti of tie* ^lass mass 
whether tin* ejuimel coatin;^^ ol a cookin;; utensil will j’emain 
unalten'd for a consnh'rabk* time or will ci’aek o!* p(‘el oH 
aftei* the article li.is htsm a little while in use 

Unless com])osed of sjx'cially refractory mat (‘rials, the 
^lass mass, on (‘.xposui'o to \ery hii;'h t(“nip(‘ratui-es, will hecome 
as thin in consistmicy as niodt'rately concentrated syru[> Tln^ 
molten mass hf‘coines thicki'f and thicker in proportion as the 
temp(*ratjn*e is ivducod, and thus tie* consistency can b(‘ 
chanf^'cd at will by r(!^Milatin ;4 the ttmijitn'atun*. 

Wlnm ^lass is c(Hiled down veiy (juickly, it becomes so 
hi’ittle that a slij^dit sU>ck is olten sutlicieiit to mak<‘ it ci’ack 
or Hy. (jiass ]av])an‘d in this manner is totally unlit lor any 
technical purposi*, careful and pr(#tracted coolin;^ (anncalin^^d 
at a slow rate beinj^' necessary, a'^ the sole means ol attaining- 
tlie re(pii.site decree of (*lasticity. 

In tin; case of enamels pro])ej; eiiolin^’ is a still more 
important matter, owin^ to tlie tact tliat tlc! metal surface 
with which the enamel is in such close connection expands 
when warmed and conti'acts a^ain on cooling'; cons(S|uentIy, 
unless the enamel ns ahle to assimilate to this motion ol the 
underlying metal it will inevitably lose its coherence, and in a 
I'ikl’tr ciUoVkf Hflll f bv iTinnmerable small cracks. 
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When ;;lans is inaiiitaineil for a considerable length of time 
at a tem[)eratui'(^ very near to fusing point, the phenomenon 
l<ir.)wn as devitrification occurs, the mass hecoming dull and 
opa(|Ue, whilst iii the sairii! time its hardness greatly inci'eases, 
so that in some instances tin; glass will strike fire with'steel. 

The cause of devitrification is to bo sought in tl(,e circum¬ 
stance that, <luring the protracted transition from the fluid fo 
the solid state a poi'fion of'tlie silicijtes in the glasssuystallises, 
and thereby imparts a semblance of poi'Celaln to the whole 
A closer examination of the glass i-evcials the presence y)f 
colourless crystals in the coloui'less matrix, the opacity of the 
whoh' being the result of a difference of refractive power 
between the! two, tin; degrei' of which inlluenc(!s the appear¬ 
ance of th(! glass so that tin; latter may even seem (piite white. 

Another very peculiar phenomenon, hitherto unexplained, 
is the action ol light on gla.ss. It is known from a niimher of 
casual observations and more thorough ex|>eriments that glass, 
on exjiosure to light, either changes in shade if previously 
colouriMl, 01 -, if colourless, ac(|uires a tinge of colour. Thus, 
for example, glass that has been decoloriseil by manganese 
com]iounds turns a beautiful violet shade after jirolonged 
exposure! to light. As this is a matter of some importance 
for enamels as well, [larticularly those in delicate colours, the 
rcisults ol the observations made on the colour changes under¬ 
gone by dilferenl, kinds of glass, ar<' now given : - 


Bc'lote 

ft_,_ 

E.xpo^m•(• In lAylit 

liluwli \yhito 


French sheet glass 
(Jennan (Tvstal glass 
English slieet glass 
,, crown glass 
Belgian wiivlow glass 
English ,, ' 

Ainoncan crystal glass 

Ordinary Anunican glass 


Faint grtfon 

” » 

Biownish yellow 
Dark green 

White, faint bluish tinge 
l^linsli green 


Alter 


Yellowish 
Bluish tinge 
Yellowish gi ecu 
Faint purple. 

Dark purple 
Brownish green.^ 
White purple. 

Famt yellowish green. 
Unchanged. 
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Taken alto^fotlier, the forej^oinij ifencraj remarks on the 
properties of elass apply eipially to enamels; and s|]Ocial 
attention •sliould aeain be direeted to the neeessity ot seleet'fnj; 
the materials tor technieal enamels, so that file mass exhibits 
a minimum of susceptibilit}’ to the aelion of chemieals, and at 
the saine*time possesses a eoeMieieiit ot expansion sullirient to 
preclude the* risk ot erackine when in use 
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'I'lii' niw materials wurkeii up iTito enamel are numeroirs 
anil diverse in cinu'actei', tile produetimi nl' the various 
coloured enamels nece.ssitatini; the employment of many 
siihstanees not oi'nerally used for ^dass-makiiiff. 'I'hey may 
all, however, he divided into two main classes : the e-eiieral or 
fundamental materials, essential to every enamel: and tlie 
particular siihstanees re(|uired to impart certain definite 
((ualities—fusiliility and colour—to special kinds of enamel. 
The first class nniy he ti'rmed fundamental, ijnd the second 
supplemmitary, materials ; a third class, of suhsidiary materials, 
comprising ^•ertain siihstanees used in applying tin-enamel, 
thoueh not in the actual process of manufacture 

Fi'ttD.iMKX'ni. .M.\'i'KiyAi,s 

Siniy, as has alnaidy heen stated, enamids should he 
reckoned as heiny in the salae category with fjlass, it follows 
that their production necessitates the irse of the same materials 
as are used in fjlass-makiiii;. . 

Ordinary nlass consists, as mentioniMl above, of soda, lime 
and silica, or potash, lime and silica, or of mi.'ctiires of these sili¬ 
cates, lead silicate, in aihtition, formiiii,' an important constituent 
of many kinds such as the so-called Hint class and cry.Stal 
f,dass. The small, thoiich inevitahle, proportion of extraneous 
imimrities such as ferric oxide, may lie dismis.seil from con- 
(14) • 
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.siilerjitidii as inrivly aociilcntal, especially in line' white nlass. 
('imsei|uently, the materials used I'or makine' ydass must- 
Coiitain ope or other ol the aho\ e-meiitioned eompounfls, 
lilt’ matrix ol enamel must also eontai*i a ver\' Hiielv 
diviih'il inliisihle white siihstaiiee, erneialli' till oxiile or honi' 
ash, to repder the "lass opaipie and, as one or other ol' these 
is ah I'sseiitml eoiistitiieiil ol all enaiiiels. the\ must .ilso he 
reckoned amoii" the rumljjiiiental liiateri.ds As the success 
ol the result ill" *])roi|uet <lepetnls on tin' siiitahilitl' ol these 
materials, a more pit eise .iceoiiiil of "their properties anil 
methoil ol preparation will now he ei\en 


Si//' It. 

I his siihstanee Is one ol the most e\t(Uisi\a'l\’ distaaliuti'd 
hodies nii't with in our pi.met. heiiie not otd\' a main coii- 
.st'itueiit ol the rock' O''I yi anile .iiiil ynt'iss) lormili" the 
highest ami laryest inoiinl.iins in the world, hut .ilso occur, 
line in a pure state in nimii'roiis deposits, 

'File minerals, rock cristal, ipiarU .ind ijiiartz sand, 
as Well as ilinl, consist ol almost, perlectlw pure silic.i ; as 

do also tjii; niiiieials known iiinler the ... ol' amcthy.st 

(violet), eitrin (yellow), smoky toji.i/. and morion (smoke hrowii 
to hlack), the only .idmixliiie hein;; the iiiiniite proportion ol' 
extraneous matter pn^diiciiiy the particular colour in eaidi 
case 

Krom the chemical point of view^ silica is composed ol' silicon 
(Si) and oxyeeii (Od 'Si< h 'I liefe arc two allotropie modifica¬ 
tions of this hody . the crystalline (I'ouiid almost |iure, as rock 
crystal and ipiartz), and the amorphoys form—r 7 , flint, hyalite 
and opal. 

Silica belones to the ekiss ol bodies that are infusible when 
heated alone It is inert towards other substances, and is 
nnattacked by the «tronoest acids ; in lact there are only two 
hollies ctipablc of actin'; iipm it at all, 1 u., hydrolliioric.acid 
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and the alkalies. On boiling ((uartz in a solution of caustic 
potash or caustic soda a considerable part of the silica passes 
into solution ; and if .silica he fused along with potash, soda or 
an alkalitu! (sirth (liiiud it readily combines vvdth them to form 
more or less refractory compounds (silicates), a reaction on 
which the manufacture of glass and enaiiuds is ba.sed. 

At the ordinary temperature silica is such a weak acid 
that it can be dis])laci;d from its spluble compounds even by 
carbonic acid, solutions of the so-called watei' glass (sodium 
silicate) i[ui(d<ly setting, when exposed to the air, to a gelatin¬ 
ous mass in conseipumce of the atmospheric carbon-dioxide 
causing th(! precipitation of the silica in a hydrated comlition 
(soluble silica) as a voluminous mass. 

On the other hand, at high temperatures, silica, by reason 
of its non-volatility, forms the most i)owerful acid known. At 
a strong red Inait it will reailily displace sul[)hurie, and oven 
phosphoric, acid from their respective compounds—a property 
which is often utilised in glass-making by la'placing the pure 
alkalies by theii' sulphatic salts. 

'rile principal varictii's of silica coming under consideration 
for our puryoses are ijuartz, ipiartx sand and flint ; rock crystal 
being the very best of all when available, though as a rule it is 
too costly to be dreamed of as a material for the manufacture 
of glass or ordinary enamels. When, h.nvever, it is aijuestion 
of producing a small ipiantity of tine enamel, especially such as 
are required to be of very'delicate shades of colour, then rock 
crystal should always be usell, as it greatly facilitates the work. 

The quartz sand encountered in extensive deposits on the 
shores of rivers, etc., is •usually derived from quartz-bearing 
rocks that ha\'e bi'en broken up and transported by the force 
of water. ^When the sanil is very white it originated in 
([uartz rock, and forms an excellent raw material for enamels 
and tine white glass ; and, moreover, reqnires lint little pre¬ 
paratory treatment to render it tit for use 
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Quartz saml ri'sultini; IVoiii tlu' (li'i'oiii|)o.sitioM oF jrriuiito 
or oiiriss, mostly Ooiitaius .small i|uajitities of the minerals 
as.s()ciatei[ with i|uartz in these roeks. These minerals, 
however, ao' fels|iai' ami mien, tin' former«in the .state? of 
(generally white) crystals, whilst tin' latti'r is ocm*rally in the 
condition, of \’ery tine eiyst.illine Hakes, ofi'en or hlaek in 
colour. 'I'ls- firi‘s('nei' of ilwse iniimritii's in (|nartz .saml 
oreatly rislai-es tin' v.iliie <^' the lattm- foi- our |inr|)ose . since, 
on tin? one hamr. they eonsidi'rahly dimiinsli the fusihility of 
till* ^hiss, ami, on tin* oilier liami, mica imparts a strung 
coloration to tin* prodma As it is a 'lillicnit. ,iml on a Iar;^«' 
scale impi'acticabli*, operation to purify the (piart/ saml from 
these admixtniT's, sneh saiels must he diseardetl wlnm tin* 
pi’oduetion of lim* ^la>s is in (jiieslton, thou^^di tlii'y may Ih^ 
advantao<‘onsiy emplo\('d for niakim; commoner tpialitieH. 

In many places ■inf-^r.iim'd sand'^loiies are met witli, 
eonsistini^^ almost enlii-(‘ly ot pun' (|uart/ sand, the indiv’i<lual 
grains of whieli aie eeinentetl lom-flier liy a rela(ive,|y small 
amoutit of liini' W hen treated in a snitahle manner to 
rid of this lime sandstones ol this class form a viuy useful 
source of.silici lor 'd.ls'^- or eiianiel-makin;’ 

An e.xeellent ni.iteri.il I'oi enamels .iml film ylass is afl'ordei! 
Iiy the so-ealird iiifnsoi i.il oi- diatoiiiaeeoiis eaitli iKieselonhr) 
which oceiirs as a lineikuearly pure uhit?' mass, so soft, as to 
he ea.sily reduced to an almost iin))alpalile powder hy rnliliinf; 
biitween tim tinkers .Mnaoscopif e,\Mniination_ shows tlii.s 
wrongly named “infnsoi-ial earth*' to ronsist of the sil.icram.H 
integument of diatoms, polytli.)lainia ,ind other loW(.!r or- 
j,oinisms, the oreanie eonstituents of. which have entirely ili.s- 
appeared, leaving hehind oidy the outer shells of nearly pure 
silica. 

For the jnirposes of the ;^lass-inaki-r, however, diatomaeeou.H 
eartli is a .somewhnt trouhlesome mat"rial to deal with in 
workine on a laroe scale, heinn so hulky as to j^ive rist? to 
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coMsidorahle difficulty in charn'ing the pots. This difficulty 
di.sappeiu’s when the production of tiiie enaiiiels is in (piestion, 
and for this purpose the use of <liiitoiuaeeous earth, is highly 
advisahle. 

Many kiinls of (juartz and ipiartz sand would be well 
adapte<l for the inatiufacture of glass were it noh,for their 
content of eoinpounds of iron which give ri.se to an undesirable 
coloraticjii of the pi'odiict.* In niapy cases this (h'lficulty can 
he ()l)\iated in the manner descriheil below, and a simple test 
for the direct .suitability of a gix en ,sa]n|)le of ((uartz material 
consists in exposing a portion of the same to a strong red heat 
ami comparuig its colour, after cooling, with that of the 
original sample II the colour is unaltered, or has merely 
ac((nired :i yi'lhjwish tinge, then the ((iiart/ may be regarded 
(‘ithi'r as perlectly fn'e from iron or as eontaiidng merely a 
negligible i|nantitv of that metal. On the other hand, if it 
has changed to a deciiled red, the presence of a large amount 
of iron o.xide is indicated, and the (ptartz must either be u.seil 
.solely Ini' common glass, or else be subjected to purihcation 

t'linli/nni ijiiail;: 

I’his operation eonsists in .sull'using the tinely pulveri.sed 
(|uartz with a mixture of eipial jiarts of crude hydrochloric 
acid and water, the licpud being pourei^ olt'again after'a short 
time, and the i|Uartz afterwarils washed repeatedly with water. 
The iron oxide present wi^l In* di.s,sol veil by the hydrochloric 
acid, provided the ipiartz hi#! not previou.sly been very strongly 
calcined , if, howiwer, the iron is in the form of silicates, these 
com|K)unds will not be. decomposed by the acid, anil will 
impart a brown coloration to the glass in the subsequent 
.stage of melting the imtss. * 

This hydrochloric acid treatment, however, being rather 
expeii.sive, and, as we have .seen, not always attended with 
the jle.sired result, cannot be specially recommended ; and it is 
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preferable—for tine wliite m- oood eolouriMl eiiiuriels—to piek 
out the be^t colourless iprii-tz ami use this hy itsi'lf. ^ 

Ill pri'|)ariuy ■ enamels for techiiieal purposes the chief 
point to Jie reoarileil is the power of u it hstainliiie the .action 
of chemical ami ra]iiil ehanees of teiiipeiaiure, colour beino 
a subonlirtafe consider,ition : eonseipiently, in siieh eases, the 
selection of the (|U,irtz need not he looked after so strictly, 
since a slight vellow tiime \til| do no harm, .;ml u ill, moreover, 
1 m‘ for the nio.st part masked liy the w lute components in th(‘ 
matrix. For (Muimels tor ctiatiiii^ the inside of cooking utensils, 
when* a pure while colour is moie [larlicularly n'tjiurcd, no 
trouble sliould Ik* spared in sortiiij; oul a very pure <^n-a<li'of 
<piartz or (‘Veil lu proeiirini; the s,ini(‘ I’lom a di-;(ane<‘. as the 
belter colour of tin* i namel and hii^die * valm* of the wan* will 
inor<* than i*ompeiisate for the i^ui'aler initial outlay 

S.‘il iiuri/lal imi 

A verv useful method of Ireeiii;; ijiiart/ sand from ex¬ 
traneous admixUii’es is that- of washiii;^ liy s •(hmeiitation, 
which is partieidarly advisable when, as not inrre(|u<mtly 
*Jiap[)ens. Hk' chief ]mpuiit\ is <*lay It ma)’ be srfat(*<l hen* 
that tile silicates of alumina lorm ^lasses of exceedini^ly liij^h 
I’usino point, and eoiis'*nueiitly llnsr bo<lies n.*<iuire to lie* 
eliininated from ipiait/^and intemled lor (he jirodnction of 
enamels 

'Idle washinj.,^ is ellected in a ve^y simple arran<remi;ut of 
wooden tubs provided with tap holes at <litlerent hei^dits. 
Ojic of thene tubs is lilhsl aboiit'three parts full with clean 
watei-, which is stirred I'ound an<l rouhd while the saml is run 
in. As soon as this is dom* the syrrin;.^ discontinued, and, 
after waiting a f(*w minutes until it si'eins [iroliahh* that tin* 
sand^ partich‘s have settled down, the upp<*rinost ta]» hole 
is opened and the water run oik 

When the sand contains clay, the particles id' which Hoat 
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in suHpcnsinn mueli lou;,rur tliaii tlioHo oF thii ([uartz, the water 
runs away iiiiite muddy, and the tap holes are opetied in 
succession until the tuh is empty ; whereupon tlie taps are shut 
aenin and a fresh sujiply of water is added, the, sand t)ein<j; 
stirred up oneo more and the schtliny and washinjf reflated 
until finally the added water lanis away perfectly clean--a 
proof that all the clay Im.s been waslnsl o\it. 

To |)resm've the washed samlf from contamination it Ls 
sliovelli!il out of lli(‘tphs with wooden shovels ami packed in 
strorio caio a.s cloths until air-dry, whereu|iori it is stored- in 
tightly closeil weoileii bins until nspiireil for use. Iron 
shovels must not be used, the bard (piartz weai'ing them out 
hy attrition, whereby the ,sand becomes contaminatcsl with 
iron in sullicient (though small) amount to produce an ap¬ 
preciable coloration c)f the gla.ss made from such saml. 

IJiK'llcIl IIIIJ. 

To lit rock crystal, (piartz rock, or llint for use in gla.ss- or 
eiiainel-makiiie, these matm'ials must be subjej'ted to a process 
of comminution to bring them into the condition of coars(j 
meal, because larger graiiuli's of (piartz ari- only dissolved with 
iliHiculty by the glass mass and wdll be readily discernible 
in the linished product. ,Vow, to grind down large ipiantities 
of a mineral like ipi,irtz, which is ol? tlm seventh degree of 
hardness, would isspiiri' a truly gigantic expenclituri- of force; 
and therefore to enable tfci' reduction to be etiectisl with a 
smaller consumption of |jower the material is first subjected 
to heating, followed by a rapid process of cooling. 

When rock crystal, cpiartz rock or llint is strongly cal- 
cineil and then at once thrown into water, the cooled lumps 
exhibit innumerable tine cracks both on the surface and 
throughout the ma.ss. The sudden contiaction ensuing on 
the contaet of the glowing material with w'ater is so e.xtonsive 
ill the supertieial lav’crs as to o\'ereome tins cohesion of the 
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pill'ticli’S ami to pro'liicr ati intinitr luinilin' ol' cracks, through 
wliich the w.iti'i' i^aiiis .uccss |o the still olowiii;;' interior, 
whereby [t is eoiiverteil into ste.nii, xvliieh I'orees the partides 
III’ ipiaVt/, asnniler hy its lAp.nision • 

This niethoci ol sini'len cooling is knoun in practice as 
" (pienehiiie,’' ami if a hnnp ol' i|Uart/ ih.it has heeii ti'eatcil in 
this way is 'ffrnek with a liaiiniin-, it hie.iks up into a innnht'r 
of small fraonmnts easil\ l^•(llll■lhle To a line |iowili’r 
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'rile furnaces iis.si for ealeiinTl^ i|uai t/ ari xerx simple, a 
useful type lieine shown in I' i^t^ I. The in Innirieal shall ol 
fireproof material, ahmtl Ui-’iO nieln's in iliameter ami (10 to 
tiO inches hieli, is eloseil at the t ip hy a Ihnyial cover of ciist 
iron lineil with fireclay. Ih’low, at the front of the furnace, 
is ati aperture of the same width as the internal diameter of 
the shaft and aiioiK H inches hieh, which can he closed hy a 
door provided with a 'lam])er. and in front of this opriiiiif; 
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in a hl’ick-liiicil pit tilled vvitli water. Iimiiediately ur<denieatli 
the top oov<T, .shaft coiiiniiiiiieates with a cliimney capable 
of producing' a yoKid drauelit. 

The slialt is tii'st chaiwsl about one-third full with irlow- 
iue coal, which i.s then co.vereil with a layer of the quartz to 
I)e calcined. Another stratiiiu of fuel is spread on,the top of 
this, and thi' .shaft is tilled up to tin' top 'With alternating 
layers of (|uartz and fuelf Thi' lynoiint of the latter re(juired 
properly to calcine a given weight of (|uart'z has to be <leter- 
niined by (^';p(!riniiuit. 

As soon as the lower charge of fuel is consumed and the 
glowing (piartz has sunk to the bottom of th<' shaft, it i.s 
raked quickly out of the furnace and falls into the (|ueneiung 
[>it; and in proportion as the lower charges of (|uai'tz are 
I'cmoved, the shaft is replenislnsl by adding more quartz and 
luel at till' top. By this means tlie furnace is kei>t continuously 
in action, .so th.it veiw large quantities of (piartz can be 
i]Uenched in a short time and with a minimum consuinjition 
of fuel. The (piencheil ipiartz is ne.xt brokim down into coarse 
[lowder in a stamping mill, and is then screemsi, the coarser 
[larticles being returned to the stamps, while the remainder, 
passing through th(‘ line-mesh screen, is ground to fine meal. 

Although th(‘ mechanical reduction of .such a hard mineral 
as (piartz is rather e.xpeiisive, the opi/ration is one reipiiring 
extreme care since it facilitates the production of perfect 

homogeneity in the subse(|pent fusion of the enamel mass 

« 

'rilK Ai.kai.ies. 

The .second class of_ indispen.sable constituents for glass 
and enamel is that ol the alkalies. As already mentioned’ 
silica, when liised with a .single alkali, lorni.s a mass which 
hears the inime of gla.ss (water gla.ss) but is di.stinguiskablo 
from all other kinds of glass hv its soluliility in water; and 
it is.only when an alkaline earth (lime) or an oxide of .some 
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lieavy mrtal oxiilr) is aiKIcd tliat tltr jn'otliict usually 

known us ^Hass is ohtaiiusk 

I'or our ])ur))ose the alkalit's can lx- uso'l in tin* r(U'ni1)l' 
various eoinpounils, lM‘oaus(*, as alrca<ly statcti, silica decom¬ 
poses all these (M)inhinations at a red heat, and seizes upon the 
alkali loi* itsell. For ^^dass-niakini,'’ the compounds of lK>tli 
potash and ^iu\\ can l)e utilisi-d . hut. i^mierally sjK'akin^, the 
last naim*d’alone is (unplo'*i‘d in the preparation of enamels— 
the potasli classes, thoueli more resistant, than those made 
from sod.i, lH‘in^ too refraetoi-y for oni' purpose 

d'ho potassium and sodium compounds i^fmerall\' «‘mploy(‘i| 
are as follows 

A. /’e/essooa ('oinjuiinids. 

Potash (impure pot assium earUinale K,('().). 

Wood ashes (a mixtin-i' of salts of (‘alcium, maj^nujHium, 
[)otassium and sodium, together with small (|UantitieH 
•of iron oxide) d'hc soluble pait of wo(td ashes consists 
mainly of pot issium carhonate. 

Sulphate of potash or potassium sulphate, K ,S(), (hy-product 
fi'om ccuain chemical processi'sj. 

H. SodiiiiiL Comjiounds * 

( 'ommon salt (sodium eldoj-ide, XaCl) 

8o<la (sodium carho^iate, X.iA'OjI 

Kelp (impure so<lium c^irhonate). 

(llaubi'r salt (sodium sulphate.^'a,S(.),, m.inulactured, and 
also obtained as a bv-prodi^t in nitric acid works). 

Pan stone {a mixture of variable i|uantiti('s ol sodium 
* sulphate and calcium sulphate FaSOj chipped out of 
salt pans in tlu‘ process of cleanin^^A* 

A. PoTAssii'M (*'oMroFNirs. 

• Potlisli. 

In countries winu'e wood is ahumlaiit, potash is obtained 
by lixiviating wooil ashes, evaporating the extract to dr^^ioss, 
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an(,l ciilcinin^' tin; residui*. 'I’his “ calcined potasii ” is oi a 
greyish blue nr i-eildisli colour, due to the presence of coin- 
po'onds of iiiaiiganese or iion from the wood. The yellow or 
red tinge is parCiculai ly objectionable because tlie ferric oxide 
cotitaimsl in such potash is a very strong pigment; and con- 
.se(iuently, since this body inHmmces the colour of g'lass, such 
high-coloui i‘d grades of potash sliouhl not be "used in the pre¬ 
paration of enariiels, Monajver, (potash entii’ely free from 
iron and therefon; admirably adapted for our pui'pose, can 
now b(^ obtaine I in commerce. Potash Ixdongs to the class 
of strongly hygroscopic .sub■^tances, a?id must therefore be 
.stored in tightly-closed barnds lined with paper. 

Wotxl .bs/eo’. 

Wood ashes may be j-egardeil as pota.sh containing, in ad¬ 
dition to tile usual saline matter, a certain, though .small 
(piantity of carbon, to which the greyish colour of the mass 
is due. As this c.irboii and the iron eom[)ounds present 
unlavourably affect the colour ol glass, oi'diniiry wood ashes 
•should only be used for making common glass 

i 

Sidiilitilc Ilf I’litii'ili 

I'ormerly this salt was more freipyutly obtained as a by¬ 
product ol nitric acid manufacture than at present, becau.sc it 
was then the practice to im^ke this acid from saltpetre ())Otas- 
sium nitrate) exclusively, \Hiereas now, the cheaper nitrate 
of soiia is almost always usisMii making nitric acid. 

Since the etfect ol potash salts is to reduce the fusibility 
of glass, they are seldom employed in the preparation of 
enamel.s. Nevertheless, for special enamels required t) with¬ 
stand the action of idiemicals, potash is used though iir the 
form of felspar (which contains potassium silicate) and not 
as the above-nami'd salt. 
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H SoDIFM (5)MI'orN'l)s. 

Cttiniiwn S.iU lS:ii!ii(in Clihti iilf). 

t 

TIais sal)st!Ui(rr ohtaiiird troni sail iniiioH, aitiioi' ill tJic 
ci'Uilc form of rurk niU or in tlic iiianufartnrrii qiiiritiril) 
condition, tin- I’ormcr (•ont.iiniiio oypsum and riay, and lirino 
coloured oi;cy_or yellow liy conijiounds of iron. Salt is 
not iinicli .used in eiiaiiiel-makinyt, since other sodiinii com- 
[Miinids better adited to tile |)nr|)ose can lie ohiained at low 
rate.s • 

Snilit [Sikiniin t'ai/ieaa/c) 

'I'his elieiiiical |iroduel wlncli Is iiiainiI’actiired in enorinons 
(|uantities in sjiecial works, is met uitli in eonnncrcc in two 
forms soda crystals and calcined na' anhydrous) soda. The 
former kind is in larye w.iter-white colourless crystals, which, 
however, on prolon_;i'I •■.\|)osnre in the air, hecoine covered 
with a white incrustation, and linally fall entirely into the 
state of powder, the ehanye heiny attemled with a ereat lo.ss 
in weieht. This is dm- to the ev.iporation of (he water of 
crystallisation, tliouyh a certain proportion of the latter is 
more tirijil.y retaineil ,nid can only lie driv en oil h\ l alcination. 

When ,soda is heated it melts at a low temperature and 
torms a watery llu\ which continues to evolve ai|Ueous vapour 
until the whole of tlvy wale.r of crystallisation has evapor¬ 
ated It is only when ctreater heat ('strono red lieatj is 
applied that the residual water i^ driven oil' and the soda is 
converted into anh\’drous sodiulii carhonate, which is com¬ 
mercially known as “c.dcined soila ’ 

As the anhydrous form will aKsorh water when hrounht 
into contact therewith, and change into .soda crystals, wliicii 
dissolve in the water, calcined .soda can he used for purposes 
for which a .solutioti of .soda is ris|uired, and is olteii imrchased, 
in preference to tlte crystals, in order to save expense of dead 
freif^ht on the water of crystallisation 
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Koi- ciiiuiii'l Dutimraeturcfs, of cour.so, water is a uselean 
aionrabraiifc ; ami they, therei'oiv, laiy calciiieil Hoda exclu- 
■iivfly. As, however, tlie oi'diiiary calcined soda, e\.<‘n wlmii 
perfectly white in appearance, always contains a notal)le pro- 
poi’tion id' iron compounds wiLich spoil tlie colour of enamel 
liy pi-odnciii};- a yellow tinee, tliis soda can only henised for 
■namels wherein colour is an unimpoi'tant coimideration 

<) 

Kmiim'l Su(tii. * 

The trade in soda for l•nallH■l-nlakine■ havin';' developed 
C'tnsiderahly, alkali makei's now comply with the demand for 
i noti-lerrueinoits soda and supjily, under the natne of ‘ (Mianiel 
soda,” a product which ma}'he reo'.irdeil as perfectly free frotn 
iroti. To this end the soda is purihed hv frei(uent crystal¬ 
lisations until the tnost delicate reayents fail to reveal the 
Jiresence ol iron, except in traces, the [irodnct heino' itfter- 
wards spread out in heated rooms until thoroitohly dry, 

hnatnel soda is, it is true, dearer than tile ordinary kind ; 
hut it liirnishes a pure white enamel, whereas the ordinary 
soda, even when lairlt' |)iire, oi\es ri.se to a yellowish tinoe, 
the extent ol which de|iends on the amutint of iron present. 

Ki'lji. 

I his artiide ol coniini'rce is an ini);ure .soda ohtained hy 
calciniii" seaweed on the Irish and Scottish coa.sts As it 
contains a niiniher of othe^ .salts in addition to sodium car¬ 
bonate it is iiiisuitahle for <\ny btit the commoner kinds of 
enamel. Since the dex'eloiiinyttt of the manufacture of .soda 
Iroiii coininon salt, the tijide in this iniptire soda has oreatly 
declitied. 

« 

• alitu'ii') Sail (Sodium Sidphata), 

At presetit this .salt is ohtained in latif'e i|uantities as a 
by-product in the manufacture of nitric acid, and usually 
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(icciir.s in the t'orni iil' wliite hemisph<‘rii';il ciikeH, in wliich 
(•(indition it is recovered on In-i'akinp tin* ^liiss retorts used 
for distdiino the nitric iiriil d'roiu sodium nitrate and ,sul- 
pliurie acid). 'I'lds hind of (llaul)er salt is |^'ss rontainiiiated 
with extraneous bodies than the other cpialities ohtaineil when 
crude n^ric acid is |in'pared liy distillation in iron cylimlers. 

'In thedirst staee of soda umnnlacture, connnou salt i.s 
converted dnto (llanhei- .s^dt and hydrochloric acid. Iiy treat¬ 
ment with sulphuric acid 'The product .n tins case is nnidercd 
very impure hy iron compounds aniT would I'nruish yellow 
eiiamids. consei|neiitly it must he pnrilied hy repeated re- 
erystalllsations I'rom solution in water, lollowed hy de¬ 
hydration. 

I\(ll Stmii’ 

Is usually a mixture ol sodium and calcium sulphate, hut 
always contains, in aildition, a certain ipiaiitit\ ol siihstaiices 
capable of coloitrine piass, and therel'ore is uiisuil.ihie for the 
production of liiii' enamels. 

.Xt.KAt.ixr I'iAtrtiis 

The substances classified under this title, althnueii exhihit- 
iiio stroiie' basic properties and in this respect resemhliiio the 
alkalies, dill'er from the last n.imed in heinn only very sparingly 
.soluble in water and in forming iiisohihle compounds when 
fused with silica. Ihn- our |iurposes only two of the alkaline 
earths come under consideration^/;., lime ;iinl maoiiesia 

, Ijiiiu. (Ctilrflnn ihidi'). 

Lime does not occur in ,i pure slat/’ in nature, hut is found 
ill enormous ipiantities in the fohm ol cahdum carbonate (lime¬ 
stone, marble, chalk, etc.), ami calcium siilphilte (oypsum, 
alabaster). 'I’hc oarhouati' is the usual variety employed in 
makinir olass and enamel 
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Limestone. 

• Oi'iliiiiiiy linu'stone is com])i),s<;il of calcium Oiii-honatc, 
ami almost invariably contains foreyn admixtures ca))able 
of (ixcitinv an injurious iuHuence. .Most limestones contain 
srjiiill (|uantities of organic matb'r, ferrous carbomrite, mao- 
i](wium cai'ltonatc and occasionally clay as well.' 

Orjranic niattei', unless'in c.xccsj ivc amount, is not harm¬ 
ful, the. carbon formed theisd'rom in the process of smeltino 
biutio capalilc of removal by the adilition of small ((Uantities 
of oxidisino substances Tf, however, the proportion of or¬ 
ganic matter is so laiye as to render the limestone dark grey 
or black, the latter is hardly tit for usi^ as a constituent of 
enamel, nrdi'ss previously treated, for which purp(jse the 
limestone may be advantageously burnt in kilns, an operation 
resulting in the (dimiuation of both the earlion dioxide and the 
organic matter. 

More ominous is the presence of ferrous carbonate as 
a constituent of limestone, since I'Ven small i|Uantities of 
this salt will impai-t a noticeable bottle-giasm coloration to' 
<‘namel. Ferric oxide has a le.ss powerful iidlueuoe on the 
colour tlnui ferrous oxide, conse(|Uently, in testing the 
suitability of a limestone foi' thi' manufacture, of enamel, it is 
advisable to make a small trial smeltijtg, with an aildition ot 
some oxidising agent, to convert the ferrous oxide into ferric 
oxiiie, which latter will iinge the glass yellow, but less 
jiowerfidly than the ferrous oxide would colour it green. 

Furthermore, the suitabiLity of a limestone for our pur¬ 
pose can be gauged liv its-appcarance after prolonged exposure 
to the air, a reddish-yellow coloration of the lumps, or the 
formation of a number of r(‘d veins therein, indicating the 
presence of iron in large projiortion; such a limestone iliay 
be rejected as unsuitable, without any futther test. 
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Dolomite.. 

Many liinn.stoncs, and mure |>ai'ticularly tlu‘ so-caTli'd 
dolomites, contain vai-ialilo (|Uantities of mayn'esium e.irljonate. 
The eti'eet of this com[i()unil is to cause the enamel to l>eeonn' 
nioi’C i'el>ractory in diveot |)ro|iortion to the amount of mae- 
nesium present'; in souk' eases this property is iHuielieial. As 
far as colour is coneerne«l, mayiiesia has no iidlueuce at all 
—the silicates of the metal heiim tlieijiselves eohairless 

Chalk. 

Chemically speakino, the puh eruliail while mmer.ij, chalk, 
consists of calcium carhoiiate. K\-amined under the mici'o- 
scope, it is se<‘n to he made u|i of the shells ol tiny marine 
animals, the oreanie matter of whii'h has, howiwer, lone dis- 
appeareil. l*'or otir pur|ioses chalk is an I'xcellent material, 
since" it is free fiaau iron, .md, heiiiy in an cxireiindy tine 
state, of division, readily unites with the other ingredients 
during the opei-ation of smelting 

(lalciiusl mussel shells also (s)ustilute ,i splendid material 
lor (mamel-making, whei-ever they ai'e ohlamalile in large 
(piantitics, as they consist ol nothing hut vei'y pure calcium 
carhonate. 


Aulllhu eall', l,lini’\taJli' 

Certain limestones, known under the name of marl, contain 
large proportions of clay and are also geni'rally rather rich in 
'iron. Even apai't from the latter-consiihu-ation, smdi linno 
stones cannot hi; recommended as raw material lor enamels, 
the presence of clay isuidering tln^ product vei^' I'clI'actory. 
M<5reover, the annaunt ol the clay and its hehaviour can oidy 
be ticcurately dv.^ermined by chemical analysis and trial 
.smeltings respv.'ctively. 
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dau.sticixiiKj Waxti: (Kalkdschet). 

1' 

WOicre wood iislies we coiivortcil into caustic'lye, for 
soap-inak'iiiff, l)y trciitnicrit witli slaked linn' and lixiviation in 
larf,o' tubs, a residue is obtained, consisting for tbe most part 
of calcium carbonate lo;,o‘tber with a small amount o"f potash 
salts, and alujost all tin,' IVrric oxiilc pn'seut in tlu! wood ashes. 
In |)oiut of i|Uality this product is Jbmparablc with ferrufrin- 
ous limestone and is theiel’ore of but very low v.'due as a 
material for the p)-eparatioii of enamel. 

Miuiiii'sia, 

'I’his alkaline earth, which )'esembl(‘s linm but is more 
sparin^dy soluble, occuis in nature as maenesium carbonate 
(maj,mesite), and maenesium sulphate (Epsom salts), and as 
already stated, dolomite consists of varyine pro|)oi'tions of the; 
cai'bonates of lime and maenesia. Maj;uesium carhonate is 
also met with as a manufactured product in commerce. 

^ Mtiifnexutiii Caihomilr. ' 

Small (|uautitics of this salt are used in tin* manufactuia; 
of euaimds, to reduce their fusibilitv, and freedom from iron 
is a particularly im|)ortaut consideration, flood maenesium 
carhonate must form a pure white, \ery lieht juass, that can 
b(i easily reduced to an impalf/abh'|)ovvder by i-uhbiue between 
the tin^mi's. 

Maijiiemiim Sulphide {Ep.sniii Sallx). 

'I’his substance appears in the form of colourless, ri'adily 
soluble cry.stals of very latter taste, ami )iartine with their 
water of crystallisation wlum beated. It ss not very often 
used in the pi-eparation of miamels. 



UAW M vTi’.iu\i,s I'Hi-; M\Nn'’V(' ri'ni: oi^' i:n\mi;i,s :i) 


IjKAI) 

The silicates (il leail heine colduvless ami leaililv lusiBle, 
coiiipo'uiels of this metal are rre<|neiitly eiifjiloyeil iVir pro- 
ihiciiie I'usilile enamels, the most, common I'orms heine the 
oxides (lithar;;e and red lead) or- the cai-honati- (^white h-aill 

//(’cd (}I nk'. 

Lead oxide is* im-t with in conrnrerce as a pr-odiict. of cer-tain 
smeltine- works, ami espi-eially as a hy-pi'oihiet ol the ri-tinine 
of silver- hrail 'rin-r -ai-e t w^r pr incipal i|nalitii .s inassie.it ami 
lithai'f^o', the I'oi-niei- heiriy the handsomer-, ami lormine hy 

reason of its line yi-llow shade a ..i ai-|ls('s eoioni-, ii, is 

howi'vei- too ili-ar for- l■nanleis. 

Jjithai-ee diireis rroiii inassieot hy its iiifeiioi- pah- \-elhiw 
Coloni-, ami is to In had at mneli lower- i-ali-s It is nsiially a 
l)y-))roilnct of the pn-paiation of silver- fi-oni silver- lead. 

Since, however-, this kimi of lead oi-r-asion.illy (-out,tins 
iron ami (-oppe.r, wlin-li pass into tin- lithai-yi- as oxiiles, it is 
impossihh- to pi-oilnc- wliih- (mann-ls fi-om snch inipni-c raw 
. matm-ial ,, tjn- latter- iiinst tln-i-efoi-i- he examim-d hy anal y-sis 
or by a ti-ial .smeltiny 'I’ln- yi-ci-n (-oloiation noticeahle in 
certain pai-ts of tin- litharyi- indicates, ol itsi-lI. tIn- pi-r-sencc 
of cop[icr. ^ 

When pui-chasidih-, lithai-yc- niadi- from va-ry jmi-e leail 
{e.tj, (lai-ynthian lithai-ee), is e.xa-cdinnly well adajrti-d lor 
our purpose A v'ei-y small pei-ecntaee ol loi-eiyii metallic 
oxides may be pi-e.seiit without jury ill etfect on the unality ol 
fire enamel, hut practierd (experience, has shown that the pro- 
|X)rlion of the various metals in lithai-ee should not exceed : — 

Copirur 0 11(111 pci o-nt ^ 

. Antniieay 0 0050 ,, 

Kisinuth . 0-005041 0075 

if perfectly white enamels are to he made 
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As already mentioned, particular care in the selection of 
materials is only necessary when a perfectly white or pure- 
coloured profluct is desired, whilst in the case of technical 
luiamels the principal point to he considered is the adjustment 
of th(! constituents so as to yield a durable article. 

« 

Ill’ll Lead (Mini.iim). 

I’liis is also an oxide of lead* but differs Iroin litharge 
(I’bO) in containing fi larger proportion of oxygen, its com¬ 
position lieing represented by Pb,0, or I’b/).. It is prepared 
in red leail woi'ks, by roasting timdy powdered litharge, and, 
when a certain temperature is I'eached, aci|uir(!s the fiery red 
colour on account of which it is employed by painters. 

So far as the colour of red lead is concerned, this is 
(|uit(‘ immaterial for our purpo.se, and the only reason why 
(Uiamel-makers should |)reter to hav(' it as brilliant as po.ssible, 
is that this condition is an indication of pui-ity^ and fi'oedoni 
from iron or coppei-, since it is oidy IVom litharge that is 
excellimt in this particular that a really good coloured red 
h‘ad can be obtained. 

During'the fusion of the enamel mass, re<l lead gives oil’ 
oxyg(‘n and is reiluoed to the state of PbO which combines 
with silica. The liberated o.xygen converts any ferrous oxide 
present info fhe ferric state and also facilitates the combustion 
of the last traces of organic matter in the (piart/ sand. Though 
.somewhat expensive, red l\i<l is an excellent material to use 
in making enamel on account of the above-mentioned pro¬ 
perties. ‘ 

llV/gf Lead 

White l^ad (basic lead carbonate) is made on a large scale 
in special factories, for use as a paint'. In, the pure .state it is 
a brilliant white, amorphous powder, and it is on account 
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sf its non-crystallino nature that tliis Itoily possesses aucli 
•xtensive coverinj; power as a pij;nient. For the purposes 
to whicli ‘White lead is devoted in the manufacture of enaimd, 
however, this propiudy is of no value, ami therefore tlie 
cheaper crystalline variety will ilo (Sinally well. The 
princiiial •consideration is perfect freedom from iron, copper, 
or oth(!r iilipuVitii's, and as the commercial trades are 
frequently adulterated wirti larye ipiantities of linely ijround 
haryte.s, clay and other heavy sidistaijces, for the sake of 
cheapness, such kinds are ahsolutely worthless for our purpo.se, 
and, imh'ed, are ca|)ahh' of injuring the properti(‘s of the 
enamel. ('()nse(|Uently none hut pei'fectly pure white lead 
should l)e purchased. Fortunately this can he done, as all 
lareje makers will supply it of emiranteeil purity ; besides, 
adulteration can he detected in a \ery simple manner as 
follows — 

Pure whiti- lead will ilis.solve completely, without, letiving 
any residue, in <lilut(; ticetic acid , the jtresence of resiilue indi- 
Ctlting adulteration with barytes, clay, or gypsum. To test for 
chalk, tint solution of white lead in the above acid is treated 
with a current of sulphuretted hydrogen gas so, long as a 
precipitate of lead .sul[ihide continues to form, this latter is 
then separated ly liltration, ,ind tin- tiltrate is treateil with 
ammonium oxalate sir/iition The occurrence of a wdiite 
precipitate shows that the white lead contained chalk. 

In itself, the presence of such^halk is not adverse to our 
purpose, since lime is a constituent of enamel ; hut there is no 
need to pay for chalk at the high rate chai'ged for white lead, 
and therefore it is well to test the .‘tam|)lc and assure one.self 
of its purity or otherwise. 

Lead Sulphate. 

Thi.s salt is reciA'ered in large ipiantities as a by-product 
in many chemical proce.s.ses, and can lie bought at a low price. 

3 
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F’or our purposes it possesses the arlmirable property of being 
perfectly free from iron and copper, and is as suitable as any 
otber lead salt for the manufacture of glass and enamel. To 
reduce thi.s sulphate a little carbon is added to the mass'before 
smelting-—as must also be done iwhen other sulphates {e.g., 
Glauber salt or magnesium sulphate) are used 

Baiiytes (Barium Sulrhate). 

This is another material to which attention should be 
directed as suitable for use in enamel manufacture, especially 
on the large scale. It occurs naturally in many places, as the 
so-called heavy spar; and is, in point of chemical composition, 
barium .suliihate. As it belongs to the alkaline-earth group, 
barytes may he employe<l hjr our purpose to replace a portion 
of the lime u.scd. 

Properly constituted enamel masses containing barytes 
must also contain lime, in addition to soda, and will then 
yield very useful products. According to Bimrath a baryta 
glass, having the following composition ■— 

4 Na/) + 4 liftO + 4 CaO.^ + 36 SiO.^, 

exhibits tlio propei’ties of ;i j;<kk 1 lead ^dass, auJ is more 
readily fusible than ordinary glasses. but, unlike lead glass, 
is not attacked by a reducing tire. 

Witherile. 

This mineral consists o^' barium carbonate and can he used 
in place of heavy spar. When the latter is employed an 
addition of carbon is requisite in order to reduce the sulphate 
but this is unnecessary in the case of witherite. 



IV. 

SUBSTANgriK .\1)J)R]) TO PRODUCR OI’AGITY. 

The (nutcrijils tlcscriln'd in tlu* [)rc\i()U.s srctiiin }u‘(‘ thowe 
ioiiniii^ th(* tr>u.‘ ^l;iss sui»st;uic<'. 0(lu*i' luxlics lijivo Jilso 
b(*c*n propo.scfl, zinc o.xnlc, Iiv whose anl elas.si's .suitiiblc 
tor certain pnrjioses can lie prejiarcd, t lioueh it is not ailvi.siible 
to resort to siicli i»i<lies in conipoiinibne enamel masse.s. 

Enamels always contain certain inl'nsible white substances 
which render thi ydass opa(|Ue . ami lor this purjio.se, as already 
mentioned, use is e-eui‘rall\' made ol tin o.xnle or bone ash. 
In view of the eicat inlliience exm-ted hy these two materials 
on the eharactvr of the enamel, a fuller ilescription of them 
must now he ^iven 

Tin Oxiiik (.S'ia.nnio O.xidki, 

Tin oxide (SnO,), when chemically pure, i.s a heavy powder 
of a jiure white colour,^nd by itself is totally infusible. When 
suspended [in a linely dicided condition in, and envidoped by, 
a fased colourle.ss mass (fthiss) it lyiders the latter translucent 
or altojrether opaque, according to the proportion in wliich it 
is used. 

In commerce this oxide is met with as so-called “tin ash”; 
but as this is never quite pure and always contains lead oxide, 
frequently associated with ferric oxide and sniad quantities 
of caipric oxide, it is advisable to prepare one’s own tin oxide 
either by the wet or dry proces.s. 

In the wet process, line tin is first granulated by melting 
. ( 35 ) 
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the metal and pouring it into cold water. This i.s then 
shaken up with fuming nitric acid in a ve.s.sel of glass or 
glkzed porcelain, whereupon a brisk reaction occurs,- the nitric 
acid being decoftiposed, with evolution of brown fumes, whilst 
the tin is converted into a white powder—tin oxide—which 
•settle.s down to thi; bottom of thi‘ ve.ssel. As soon as the 
action of tins nitric acid has abateil, a fresh quantity is added, 

4 . 

and is followed by fuidber gradua'' additions until finally the 
reaction cea.ses altogether 

Owing to the vioh-nce of the reaction tile acid must bo 
added in small quantities at a time, as otlierwise the contents 
of tile vessel will come over ; tlie work .should also be done in 
the open air or under a chimney witli a good drauglit, as the 
brown fumes (nitric oxide and liyponitrous acid) cause great 
inconvenience to tlie I'cspiratorv organs. 

After tile reaction is at an end. tlie vessel is left at rest for 
a day, vviiercupon the supernatant acid (which may be ased 
over again) is carefully decanted from the white depo.sit, 
and the latter is washed sevi'ral times with water, by 
sedimentation d'o remove the bnai traces of nitric acid, the 
tin oxide, precipitate is afterwards repeatedly wa.sbed in a 
glass funnel and then drieil, tli(‘ funnel being meanwhile 
kept covered over with paper to c-xelnde dust 

The [iroduct thus obtaiiii'd is of ,-xcellent quality, but is 
too ex))ensive for any but the hnest enamels, which are required 
to remain perfectly wliity or be tinge<l with very delicate 
colours. 

To prepare tin oxide by the diy method, the process em¬ 
ployed by manufacturers of tin ash is imitated, the metal 
being fused in a flat stoneware pan and afterwards raised to 
a strong red heat. The rapidity of the oxidation is in direct 
proportion to the temperature to which the molten metal is 
exposed. 

At Hrst the surface of the metal become.s covered with a 
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blackisli pellicle, oensistin^' of tin protoxide (stiiiiiiotis oxide), 
but wlu'ii more heat is ap])lieil this rs converted into stannic 
oxide, a chanoe indiaited by the whitenine of the pelliaie. 
This skin is now reinowd by means of a hookt wheren))On the 
underlying surface of metal forms anotlu-r pellicle of oxide 
directly incomes into contact with the air When the, tempera¬ 
ture "is sulheientJy hioh, the process of oxidation ooes on very 
rapidly, so that a laroe i|Uj(nlity of’tin can he converted into 
oxide in a short time. 

The* o]ieration may also lie accidei-ated by employini; an 
alloy of tin and lead, the following proportions --- 

'I’m S‘2 jUT ( frit 

liffltl IH 

heino highly adapted for the pnr|)ose. (If course the amount 
of lead present must lie borne in mind when com|ioundine the 
enamel mass, and the amount of lead oxide he jiroportionally 
reduced An alloy of the foreooiiie com)iosilion oxidi,ses more 
readily than pure tin, and furnishes a yellow lookinjr mass, the 
colour of which is due to the lead oxide jiresent. When tlie 
enamel mass is fused, the lead compound combines with silica 
.and the pine tin oxide renders the product opinple. 

Crude tin ash always contains a certain amount of unaltered 
tin and stannous oxide The simplest method of eliminating 
these impnritii'S is by jiioisteniny the mass with fuminje nitric 
acid and leaving it to stand for a while, the action of the acid 
beini; to convert both substances into stannic oxide. This 
method, however, is applicable oil^y when pure tin has hoen 
employed, as in the case of tiii-leipl alloys—the nitric acid di.s- 
,solves the resulting lead oxide. 

In the latter event, therefore, the ]iroduet must he purified 
by sedimental washiti}; (elutiiation), by which treatment the 
parbicles of metal are left heliind ; the final traces of stannous 
oxide in the produot are then converted into stannic oxide by 
calcininjr the dried mass in thin layers. 



38 


ENAMELS AND ENAMELLING 


Bone Ash. 

^ In tlie cast! of onainels which are merely required to be 
translucent, witjiout bein<' brilliantly white, bone ash may be 
11 ,sell with advantage. This substance, prepared by calcining 
bones in presence of air and thini grinding and elutriating the 
resiiliie, forms a greyish-white powdiir, and chiefly eonsi.sts of 
tri-basic calcium phosphate together with calcium and mag- 
ne.siuni phosphate 

For onr purpose the calcinni phosphate is the principle 
constituent, which substance, when pure, is a perfectly infusible 
wfiite crystalline, mass A large pnqiortiou of the hone a.sh 
now m(‘t with in commerce comes from South America, the 
meat extract factories at Fray-Bentos in Uruguay employing 
the bones of the slaughtered cattle for heating the furnaces. 
Bone a.sh of dark gi'ey colour contains an admixture of carbon 
from the added fuel, hut this substance can easily lie got rid 
of by adding to the enamel mass a little .saltpetre, which,'during 
the process of smelting, gives off oxygen and consumes the 
carbon. 

, SUBSlillAHV iN'GItKDIEXTS. ' ‘ 

This category comprises all substances added to the white 
fundamental mass of ttie enamel with the object of modifying 
its properties in any way. They ifiay be subdivided into 
three clas.ses according to the purposes which they are intended 
to serve ■— 

1. Fluxes, to increase or diminish the fusibility of the mass. 

2. Pii/weats, to colour the'enamel r 

3. Decolorants, for modifying or totally destroying the 
colour of the fundamental mass. 



Till' .ittiiniiiii iil of 4 snii,i!)lr ilc,'!*.I' tliiiilily in an 

cnami'l at a L;i\ i'ii h‘Mi|u'ranii c, is mi" nl'I ha iiinst, iiii])(ii-taiit 
racfiirs III til" iipcratiiiii of "iiaiiialliiin, ami il"|i"ii(l,s yraatly i)ii 
th" skill III' til" ij|i"r,Um' mil |■||st"l| with th" ihity i !' iiiixiiiff 
th" in;;l"ili"llts til he lil"lt"il 

As, ill ahiinst "vary laatoi'y wliara aiiaiiials ai'a [iraparail 
im a lai-aa seal", aartain prnportiims ara ailharail to in inixina, 
wherahy the aonipiisitimi of tha raw iiiatarials at. ilis|)i)sal lias 
to ha takaii into aonsiilaration, tha natiira anil quantity of tha 
rinxas to ha usail can only ha ascartainail hy spacial axpari- 
niants in aaah aasa , aial for raailily apparaiit raason.s, tha 
niakar.s u-jually kaap thair forninl.a saarat 

We can tharafora only haal with tha pi-oparlia.s of tlia 
Huxas in a "anaral niamiar, rasarvin^f niora axact particulars 
as to tha amounts to Jia iisail in onlar to jiroiluaa aiiainel.s of 
ilatiriita charaatar, until the saction davotail to formultw is 
reachail, such racip ’s haina calculatai] on tha hasis of parfactly 
pure materials. Tha lluxi.is usail^in tha ananial industry are: 
borax, Huor spar, clay, hrokaii olass (aullat), porcelain .sherd.s, 
nypsum and felspar 

Hohaj;. 

[This Huhstanca, which forms one of tha most? e.xtonsively 
employed fiuxas in nearly all enamel works, heliavas in a 
peculiar manner, in that it plavs a direct part in tlie formation 



40 


KNAMELS AND ENAMELLING 


of the f'lass matrix. Before passing to the influence of borax 
on the character of enamel, we will first devote a little attention 
to^the chemical properties of tliis salt. 

In point of chemical composition borax is a compound of 
sodium, boron and oxygen, viz.: .sodium biborate (Na^B^O?+ 
lOHjO), and forms prismatic crystals which dissolve in twelve 
parts of cold, or two parts of hot, water. In ad/lition to this 
ordinary form a second variety is known under the name of 
octahedral borax, differing from the fornier by containing only 
half as much water of •crystallisation. 

When heated, borax fuses at a moderate temperature and 
very soon begins to froth up (intumesce) to such an extent 
that a very large vessel must be employed or the mass will 
overflow. In this procias, water of crystallisation is given 
off, and finally, a white, highly porous resiilue of calcined 
borax is left. 

For the purpo.ses of the (mamel-maker calcined borax is 
generally ased, the frothing of tlie ordinary kind being a 
source of great trouble in the melting process. While .still 
warm, the calcined borax is reduced to fine powder and stored 
in properly closed vessels; othei'wisc it greedily absorbs mois¬ 
ture from the air and changes liack—at least in part—into 
the crystalline form. 

When calcined borax is heated to bright redness it finally 
fuses into a colourless glassy mass, the so-calleil vitrified 
borax, or borax glass. For our pur|)oses, however, this treat¬ 
ment is unnecessary, the .slirai^ result being produced in the 
melting of the enamel. 

It is, however, always advisable to melt a small sample oi 
the borax before purchasing, in order to test for the presence 
of pigmentary oxides. If pure, the borax will remain as clear 
as glass, but if the fused mass exhibits a yellow tinge ferric 
oxide is indicated; copper gives a green coloration, and 
manganese compounds a violet shade. 
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From a clieniical fxiint (if view the licliaviour of borax 
resembles that of silica to a certain extent. It consists as 
alixaidy stated of sodimn biboratc (acid borate)—that is 
say, the boric acid present is only half satur;jted and i.s still 
able to 'combine with metallic oxides. Now, boric acid ex¬ 
hibits many points of similariU to silica in that, while only 
a we«ik acid. at_ the ordinary ti'inperattire. its tire-resistinn 
properties enable it to displace the».stroneest acids IVom tlu'ir 
combinations, at »ed heat 

Of tin' salts formed by iRiric acid, only those of the 
alkalies are solnble in water, and the fusion of an insoluble 
borate with a soluble one results in the latter beino also 
rendered in.soluble Thus, for example, whi n s(xliu’ii borate 
and calcium borate are fused toeether in certain jiroportions, 
the resulting mass looks like a eolourle.s.s class and mtiy be 
ret;arded as such a one in which silica is replaced by boric 
acid. 

Wben a basic, oxide is broupdit into contact with borax a 
double .salt is formed, the second ei|uivalent of boric acid 
combiiiinc with the oxide in (|uestion wdiilst the .salt tluis 
,formed uinUs with the neutral sodium niouoborate A.s a 
rule, how’ever, j^lasses containiiif^ bone acid alone, are not 
prepared, but only a portion of the silica i.s re]ilaced by boric 
acid in compoundiiic i,dass ami enamels 

The most valuable jiroperty of boric acid clas.ses, for our 
Iiiirpose, is that they usually have a ftisinc point much lower 
than that of silica ffhcss, and will^run freely at a temperature 
whereat the latter is still semi-tbiid. It must, how’ever, bi; 
n'oted tliat the resistinfR power of enamels and cla.s.ses contain¬ 
ing boric acid is inferior to those containing silica alone. 

The addition of lead oxide aiM borax to an enamel mass 
gives an enamel characterised liy a very low fusin’g jioint, and 
consequently one t^iat can be URed in very thin layers. No 
only, liowever, does the use of borax depend on this property, 
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but it also serves a very important purpose in the preparation 
of coloured enamels, namely, to dissolve the pigmentary me¬ 
tallic oxides, and us the borates of manj' heavy metals form 
highly characteristic and handsomely coloured compcainds 
borax is ailded to the iriass with this object in view. Besides, 
the Hnidity of the enamel mass, when borax is jire-sent, facili¬ 
tates the uniform distribution of the colour. ■ 

Tile tints im|)arted M borax ,by certain of the metallic 
oxides are so intense that, as alreaily mentioned, this salt is 
employed as a blowpipi' test for small traces of tho.se metals ; 
and this property is of special value to the enamel-maher as 
athirding a simple means of iletis-ting impurities in his raw 
materials. This matter will be refeired to later on. 

Koine Aeiii. 

We have alnsidy seen that the active substance in borax 
is the semi-combined boric acid, and this acid in the free 
•state can, umh'r certain conditions, be iisisl direct in.stead of 
the sodium salt. At the present time' boric acid can be 
obtained pure, in commerce, in the form of pearly, and 
somewhat greasy-feeling, crystalline plates. 

When added to an enamel mass, boric acid behaves in a 
.similar manner to borax , in such event care must be taken 
to make up for the deticiency as regards soda in the ma.s.s ; 
as, however, this reipiires special calculation, enamel manu¬ 
facturers generally prefer to use calcined borax and leave 
boric acid alone. 

BiadiR Spar. 

Fluor spar or Huorite is a mineral composed of calcium 
and fluorine (Cabb), and occurs in nature either as hand.some 
tessular crystals or in compact masses. It may be perfectly 
water-white in apiiearance, but other specimens exhibit a 
variety of colour in many difl'erent shades. Since these 
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colorations arc due to the pnvscnee of small amounts of 
metallic oxides, it is always prehu-able for our luirpase to 
employ tlm colourless or only slightly tinned kinds. « 

Used alone, tiuor spai' fuses at a red heat ainl ('on.se(|uontiy 
diminishes the relractory eharaeter of en.unid masses. It 
■should, hvwever, he ohsi'r\eil that when the m.iss contains 
an excess cH' silica, nneomhined with bases, this body 
decompo.ses the llnor sp.-n^ dm me'the process of fusion— 
calcium sdieate It-ini; fornesl 

( 'l. V\'. 

The mineral to which the e,.||,'ral name of clay has been 
given exhibits highly ducigeni charactci istics, which are iluc 
to the conditions under which the cla^’ was rorincd Xow 
clay i.s a pro'hict of the decomposition ol felsii.ir, which latter 
body consists ol silicates of ahinmiiuni and potash, and there¬ 
fore resenihh's .glass in composition I'ndei' the destructive 
intliience of air and water, felspar is decomposed, the alu¬ 
minium silicate remaining hehiml as an in.sohihle suhstaiice 
—clay, whilst the p itassiiim silicate is carried away by the 
■water, lUaice it is that crystals of felspar are not infrequently 
found coated with ahimiiiiiim silicate 

K.tol.I.X, (lit I’llKCKI.MN IvtUTIl. 

Porcelain earth (C/imcvc, kaolin) may lie regarded as the 
purest form of clay, and consists exclusively of aluminium 
■silicate. It forms an insoluhle, pure white powder, infusible 
at the highest furnace temperature attainable ; and therefore 
may be used for the same puiqiose as tin oxide or bone ash, 
namely, to impart a white colour to glass To some extent 
porcelain may he consideri’d as a'glass, which melts only at 
the highest temperatures attainable in our furnaces, and con¬ 
sists of felspar and silica containing very finely divided 
particles of kaolin in suspension , so that, in thin pieces. 
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porcelain is translucent, but perfectly white in thicker 
layers. 

If, however, kaolin is fused alonj; with ini.xtures contain¬ 
ing silica in ej^cess, it is partly dissolved and forms with the 
silica an unusually refractory glass. Hence kaolin' is used 
for this purpose in the manufacture of enamel ; great care 
being, however, neces.sary in apportioning, the amouht of 
kaolin added, since the enamel mass may thereby easily be 
rendered so refractory as to be practically in'fusible, especially 
in large (|uantity. ’ 

White, ok I’ii’K, Clav. 

This kind of clay is a kaolin more or less contaminated 
with lime and <|uartz sand, in consequence of which it fuses 
at a much lower temperature than porcelain earth ; though, 
like the latter, it is used to dimini.sh the fusibility of enamel 
masses. Both kinds of clay should be entirely, or very 
nearly, free from traces of iron o.xide, or undesirable colora¬ 
tions of the mass will ensue. 

In fact these two clays are really the only ones at all 
suitable for thi^ juirposes of tin; enamel-maker, the otheiq 
varieties being usually so highly contaminated with other 
minerals as to yield oidy coloured enamel masses. Clays 
formed by the weathering of felsjiathic rocks (granite, gneiss) 
frequently contain a deal of mica, the ferrous oxide in which 
colours the enamel green ; others again are so charged with 
ferrous oxide as to appearVif a grey-blue colour, which, when 
the cla^- is calcined, changes into the well-known brick red, 
owing to the conversion of the ferrous oxiihi into ferric oxidfi; 
whilst still other clays contain s.i much lime and quartz sand 
that they sinter, or even nielt, in the heat of the brick kiln, 
and change" into a blackish vitreous mass. Clay exhibiting 
this tendency is of little value to the enamel-maker, and is, 
at the most, only suitable for common dark coloured qualities. 



FLUXES 


45 


FEL-SI'M!. 

This mineral is met with in a variety of I’nrms in nature ; 
sometimes' alone, sometimes as a constituent of rocks, life 
gi-anite, gneiss, etc. 

In composition, ordinary I'elsj^ar is .i eomhination of 
aluminiuiif silicate with potassium silicate. For our purpo.ses 
the white kind, "isTiown as alhite, is^the chief oim to he con¬ 
sidered, the coloured \aric*ties iMdim less suitable owiim to 
their content of ferric oxide. • 

Pure felspar fusi's only at the temperature of the porcelain 
kiln, and then forms a transparent, highly crystalline mass 
of considerable hardni‘ss. As already mentioned, it constitutes 
in conjunction with silica the true matrix c)f porcelain within 
which the kaolin ])artieles are emixsided. The ad<lition of 
felspar to enamels greatly decreases thf’ir fusibility. 

By ri.'ason of its hanlness, felsp.ar has to be prepared in tln^ 
■same manner as ipiai-t/, vn , b^- ipienching, in oi-der to obtain 
it in a tinely-di\ided condition. 

(Ivi’sI M 

• (iypsum, which is cidcium sulphate in combination with 
water, is found in a hi;;h state of purity, in cr\stalline ma.s.scs 
(moonstone) , or line-graineil (alabaster, gypsum), all these 
kinds being suitable I'oi'our purposes, excejit greyish-blue ami 
red gy|>suni, the colour of which is i]ue to oxides of iron. 

As a general thing, in the ]iri'|^ration of enamels, gypsum 
is used only in conjunction with felspar or barytes, its litfect 
on the refractory properties of enamel is to reduce them to a 
moilerate extent. 

PoiiOKL.MX Bukhds. 

A.s porcelain usually eonsi.sts of felspir, quartz and kaolin, 
the first and last of'these substances when added to enamel in 
the form of ground porcelain .sherds, render the product more 
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refractory, while at the same time its power of resisting the 
action of chemicals is also increased. In sorting out the 
porcelain sherds for enamel, all painied pieces must be thrown 
out, as otherwise they would impart colour to the product. 

BitoKEN Glass (Gullet). 

• 

Gla.ss constituting the matrix of enamel., the addition of 
glass cullet to the enamel' mass is jherefore a rational proceed¬ 
ing. Owing to the considerable vai'iety in the composition of 
different kinds of glas.s, however, it is always nece.ssary to 
determine beforehand, by a trial smelting, the amount and 
nature of the additions to be made to the glass to produce an 
enamel mass of suitable character. 

The sorting of the culhd is an important operation, as, tor 
white enamel, all coh)ured glass must be excluded and only 
plain glass used. The coloui-ed jiieces are collected and 
smelted by themselves for use in lower class goods where 
colour is of le.ss impoi’tauce. If the glass is too fusible, this 
defect can be remedied by an addition of refractory substances, 
while in the converse event iluor .spar, etc., may be added. 

Owing to the great ditf'erences in composition an(l fusibility' 
of the various kinds of glass, it is only by experiment that the 
remedies to be employed can be ascertained. 



VI 

Enaincl musses liav(‘ the pidperty of aeipiiriiie any dcsirofl 
colour , and, when properly prepareil. the eohinr.s are character¬ 
ised by hrilhancy, lustre and indestnictdiihty ipialilies which 
explain the prel'erenee shown loi- coloured enamels in the pro¬ 
duction ol very \ahmhh’ wia-ks of art 

AlthcUf^di, in the case of enamels for t.eehnieal pur[)ose.s, 
colour is a minor eoii'iileration in ccanparison with the inner 
ipiahties ol the product, ci; , power of withstanding the action 
of ehemicals and considerahle Ihietualions ol temperature, 
beauty of colour is iie\ertheless a matter of some importance 
even in such enamels. Thus it is well known that cookinfj 
jitensils, fgr example, that are coated with nicely coloured 
enamels, have a better sale than those covered with white 
enamel, notw'ithstandine that the latter is much more service¬ 
able than the others . 

The piomenls employed in this industry are all of the 
metallic-oxide Jiroup As already^nentioned, certain oxides 
of the heavy metals have the property of eolouririf; }rlas.s ; and 
thoufih very hij^hly coloured classes are used to colour certain 
enamels, it must Ik' reiuemhered that the pifjmentary principle 
of these jflas,ses is an oxide, and con.sec)uently one is ju.stified 
in sayirif; that the cokair of all enannd masses is due to certain 
metarllic oxides. 

The object of the present work is twofold, in that it is in¬ 
tended to treat of the ((reparation of enamel masses both for 

(47j 
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artistic and industrial purposes. The technical man, who is 
occupied with the manufacture of large enamelle<l articles, is 
jfrincipally interested in the inherent qualities of certain enamel 
compo-sitions; "whilst the artist or the maker of artistic objects 
chiefly looks at purity and delicacy of colour. 

Keeping the latter circumstance in view, we iliust there¬ 
fore treat the study of pigments—so far aS it concerns our 
purposes—in a more (‘xhaustive Rianuer; and also because, in 
the author’s experience, the market for clnunical preparations 
of this nature is only badly suppliisl, many of th(' so-called 
pun; pigments met with in commerce belying their name, 
and 'being therefori' incapable of furnishing pure .shades of 
colour. 

While it is true that some chemical manufacturers supply 
the pigments required • for enamel in a sufficiently pure con¬ 
dition, the prices are mostly so high that it is preferabh^ to 
make the pigments oneself. tlsually the manufacture of 
chemical preparati(jns necessitates an accurate knowledge of 
chemistry; but as the substances reqnin; 1 for colouring 
enamels are most fre'piently used by artists and makers of 
arti.stic products who ari! seldom possessed of an extensive 
acquaintance with that science, the description, given in the 
following pages, of the methods of preparing the pigments in 
question, will lx; of such a nature as to enable those whose 
chemical knowledge is nnu-ely slight to make the substances 
they require. V 

The pigments used for enamel masses are as follow •— 

For yelloiv: antimony oxide, potassium antimonate, 
potassium antimonite, lead antimonate, silver 
oxide, ferric oxide, uranium oxide. 

For red: ferric aluminate, sodium-gold chloride, tin- 
gold chloride, purple of Cas.siu8 

For oramje : mixtures of pigments for yellow and red. 
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/’’or 'iii'i'ii . cupric oviilc, chromic oxiilc, or ferrous oxido. 
For hhte ■ cobaltous oxide, cobalt silicate or smalt zaflrc. 
For i^iolii maii},mncsc oxicic. ^ 

Forhioiin ferric oxide, 

/•’.I) hlorl, Icrroiis oxide in lai'ee proportion. 

rile allivc list iiicntioiis only the pi'iniup.il fundamental 
coloui's obtainable b_\ the aid ol the |^iienieiits specitieil. d’luxse 
colours are, ho\ve\<^r. nisurticieiit b_\' lar lor the jiurposies of 
painting in enamel, the artist in this brawch reipiirino as lai’oe 
<i rano(‘ol colours as his othei roiii'irn‘\ of the brush iu order 
to be able to obtain any desired shade. Now, the latter obji'ot 
can only be attained ii\ employing lareer or smaller propor¬ 
tions ol tin- pieinentar^' materials, and tln-reb^’ producing a 
oiaulua'cd scale ol shailes ol the pure colours, and when it is 
desired to ha\e mixed colours the cheinieal coinpositioii of the 
piomenis will ha\e lo be moihlied in certain ways, or special 
artifices must be resulted lo. 

As a more snit.ible opporlunity ol considciino the latter 
e\'cutuaiities wiW arise when t In- process of enamelline- is under 
discussion— the matter may he left over until tin-n, and atten¬ 
tion now 'firecled to thi' purely chemical side of th» (|Uestion, 
namely, the preparalion of the vai ions pierjieiits, not oniitlino 
to mention that the iisc of chemically pure inalerials enables 
one to obtain any ilesir'd shade much more easily than when 
special attention has to be bestowi-d on thi' presence of 
ini|iurities aecoinpanyiiiy the trii# active priiici|iles in the 
piements employed 


\'t;i.i,ow I’n.MKsrs 

'I'he sole means of pro lucine a pure yidlow in enamels is 
by the aid ol antimony oxide, potassium antimonrte or silver 
oxide ; for cheaper (^ptalities, however, ferric oxide is also used, 
though, strictly speaking, tin* colour obtaiimd is not yellow at 

■V 
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all, but a peculiar reiMish brown, such as may l)e seen in an 
intense form in brown wine bottles. 

e 

Aiitimoiiij Ovule, 

This oxide may be pn^parod by the wet or dry method. 
In the former case,. finely powdered metallic antimony is 
placeil in a j;iass vessel (standiii};' in a ba.sin (d’ water) and 
treatisl with nitric acid’ of a certain strenotli. The acid 
rapidly attacks the metal and eonvei ts it into a white powdei-, 
reddish-brown funies beino evohed. Owino to the \iolenee 
of the reaetion, the acid must be added in small ipiantities at a 
time or the eonteids of the flask will overflow, even when the 
latter is com))aratively laree. Towards the close, the reaction 
abates and may then be a.ssisted by carefully heatiiie the 
water bath in which the flask is immerseil. 

I’o obtain a product of well-defined propel ti(!s it is neces¬ 
sary to work pri'cisely in accordance with the instructions now 
oiven. The following; (|uantitieH, nr ;— 

lV)w<lcre(f antimony . 1 [lait l),\ wciylit. 

Nitncaaiif (sp pi. 1 2) . . 4 parts ,, 

WlUci . . ... s „ 

are taken, ami the ensuino- piodnct (the Stibium nj-i/ilatum 
ijraum of the phannacist) must he tliorouebly washed with 
hot water and weielmd . it is, however, not (piite pure, as it 
always contains small ipiantities of unaltered metal and basic 
antimony nitrate. Nevertheless, as the proportion of these 
impurities will always be constant, provided the above condi¬ 
tions are adhered to in making the preparation, it will be easy, 
by means of a few tests, to pi'oducc well-defined shades of 
yellow with this material. The wa.shing in hot water is an 
important feature, ami must be continued until the liipiid 
ceases to take up any piortion of the precipitate into solution. 

When metallic antimony is heated in an inclined crucible 
it quickly fu-ses and, when the heat is increased, takes fire. 
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tills (itlVot liciii;; accolonitoil l>y hlowiiif,' air into tho cruriblo. 
Till' eomimstion is accoinjianir.l by a peculiar bluisb (lame and 
dense uhite fumes of antimony oxide are yivni oti. 'I'liejo 
comUmso tui the cooler up]i(‘r sides ol the crucible—which 
therefore should not he emhe.lded in earhon—-and lorm 
delicate lustrous needles, which .ire ser.iped oil and removed 
from time to tiim; 

I'his oxiile t/’Veo-s antininnn iit , or Vm stihn^ is also 
impure ami usiialK' conl.inis larl.ihh' pcoporl ions of antimonic, 
aci.l and antimony antimoiiate 'I’o resfTicI tlm formation ol 
the litter It IS a.Kisahh- to h.Ml the crucihh' no hiylier than 
is ni'cessary to eaus.' ih.' .inlimoiiy to mnite aii.l continue 
hiirnini;. 

A better method ill.in the fori'^oitio is to raise a crucihle to 
si roily reil h\ .■mhi.d.liny it in ylowiny eharcoal, and throw 
In MU.ill .|U.iiilIties ol ill.' lollowino liimlv powdered and 
inlim.itidy mixe.l iiiyn.lieiils 

liilimeie .17 p.i. Is III weiatlt. 

S,ill)i..|i.. '.'0 . 

fet,. —;um III oi1|.li.iI. 17 ,, ,, 

When the w hoh' has hi'cii thrown in, I In- crucihle is kept rod 
hot until tile coll!. aits Ilow calmly, whca'eiipon they are poured 
out on to ,i eohl stom. sl.ih (In hreakine up the solidilied mass 
and extr.iclme it wiih I oiliny water, nearly |iure antimony 
oxide is left. 

The purest oxide, and that most suitahh' for line enamels 
is ohtaiiied as follows.— * 

Commercial aiitiim nv sulphide is reduced to line powiler 
and boiled in a ydass or porcelain ves-sid with hydrochloric 
acid, in which it dissolves with evolution of sulphuretted 
hydroycti. When jierfectly cohl the liipiid i.s decanted from 
the insoiiihle residue and transferred to a larye vessel contain¬ 
ing at least a twenty-fohl (|uantity of water, into which the 
•solution is run as a thin stream with continual stirring. The 
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I'litin; li(|iii(l iimiK'diatcl}' tiirtis milky white, ami a heavy 
white [xiwder (jjiiwder of algal otli) is jirecipitated Tliis is 
ci,‘llected in a coTiieal tilter of closely woven lirieiraiid washed 
with water, al'ti'r which it is placed in a hasin and snlliised 
with a solution of 1 part of soda crystals In ■'! parts of water, 
the amount of this solution heing such that even .after pro- 
longtsl standing, sul)se(|nent to hoiling, it still remains alkaline 
to test-pa|)er. 'I'Ik' contents of the hasin are again placed on 
11 linen lilter, thoroughly washed with water, drieil, .and sioreil 
in a closed \ess(‘l. Tlie product is chemically pure antimony 
oxide 


/’e/assooe I HffiHomti'. 

This preparation, which lurnishes an inferior yellow to 
that yielded hy |inre antimony oxide, is ohtaineil hy niixing 
coniniereiai .inliniony sulphide with half its weight of salt¬ 
petre, and throwing the mixture in successi\e small ipiantities 
into a red-hot (aaicihh', which is then heated for some time 
longer and set aside to cool On hreaking the crucihle a white 
fused mass is found, underneath which is generally a layer of 
unaltered, fused antimoin' sulphidi' The white mass is tinely 
powdered ■ dry, and stored, it consists of pot issiiini antinion- 
ite, together with a little potassium sulphate and potassium 
antimonate, and issuitahle for |ueparing commoner grades of 
yellow. In point ol heauty of colour, however, the ch(Miiically 
pure aiitiniony oxide |)re|)ared from antimony sulphide and 
hydrochloric acid hy the Wet method, is su|ierior to any other 
preparation of antimony. 

When fused with enamels, antimony preparations yield 
a specilie yellow which may he toned hy ailding suitahle 
adjuncts; thus, an addition of red lead produces Naples 
yellow, while with ferric oxide an orange yellow is formed. 
The reaction occurring during the fusion of 1 he enamel nia.ss 
in pre.sence of red lead is of the following nature :— 



At r<‘<| h(‘at, iimiimii nnl loa«l) oil oxy^^oii. and in 

reduced («> the stato of li(liai’jj;(\ tin* lil>«‘ra(o<l oxy^cai instantly 
oxidisin^r t.l»f ]>ot.is'.iu!u .mtini'*ni(o and |H’odu(‘in;^ antiinonic 
acid, which unito'^ wjth ihr lith.iii^n-. whilst the potash coni- 
hincs witli silica. As .i niattrr o)' fact. I in* r<Mction docs not 
^^o un so '♦iiioothly as this in practi'-*', and considnahlo experi* 
<*nci' is iircrvsAiy ‘to hit otl'tlic exact sh.idc nNpii}X‘<l, liy ad«linj^^ 
red lead It is thi-rcforc ;*d\i'-alilc to niako use (d tin* lead 
antinioiiato in a ioad\-niad«' condition, which iiia\' h<‘ prepareil 
hy th* '•naiin‘|-in.dN<'i. a'' the conniH reia I Napk-s \ ellow is 

e\pensi\i‘ to hll\ 


/.'■(<(/ Ant nil'-iuil' ) c//e,’c) 

dhe siiiiplesi method o| plep,nln^ this pi;^inent is l»y 
intiin.ilely mixing I pait ol i hemic.dl\ pure tartar emetic 
with 2 parts ol had niti.ite and 1 paits ol common salt; 
(sodiniii ( hloride), and t n >11114 the uiixt ui (‘ in a I h'ssian erncibh' 
at a. iiHMlerale red he.il Tins done, the eoiitents of the crucible 
an* poui '“d into I leep \ rssei o] \\ .H el , t lie CMleil •!(“ it self })cine 
also di’oppec! in when cold, common salt pass<‘s into solution 
•?md le.ad aiitinionate is hd’t In hind .is a \ellow powaler. d'he 
object; ol .nldiiie t Im sodium chloi ide is to pre\ »-nl the tmiipera- 
ture risiiio hiwond ,i cert.un limit (the point of volatility of 
tliis subsiaiicej <luiin ;4 tUe opeialion ot lusion. 

lIic sineltiii;; of the iiiixtuie I e< ju 11 es, ho\ve\er, a Certain 
amount ol caie to mainlam the m'|st iavouiable tempeiaturc, 
Ihu'-, if the mass is Imated jUst to fnsnie point, the resulting 
pigment will \ ield an otaneo sii.idi-, whde tin* more it is 
heatecl the nearer will the eoliuir .ajiproaeh lenion or sulphur 
How, and the mass when jioured into watio' will he hard, 
reijuirin;; to Iv Itroken u]» and extracteil with hot water 

A ^ei'y hand.some Naples yelhjw eaii iils(> be prepared by 
tusin^ *2 parts ot ttirtar emetii- with H parts of common salt 
and 4- parts ot lead nitratt^ I be iused mass is treated in 
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tlie cold with dilute liydrocliloric acid W'hicli dissolves out the 
excess of lead oxide and leaves a deep coloured lUffUieiit. 

% 

Silrrr O.iiilc. 

All unusually handsome hut expensive yellow for enamels 
can he obtaiimd hy the nse of silver oxide. Here, Jiowevei', a 
chemically pure oxide is essential, and such may he prepared 
in the followini; mannei-' ■ 

« 

dommercial silver is dissolved in nitric' acid, the solutiejn 
hidiif;' hhic! from the co|(per aecompanyino the silver Hydro¬ 
chloric acid is then added .so lone ns the ca.seiius precipitate of 
silver chloride' continues to form. This is hltered off ami 
washed with water until tlu' washings no loneer turn hluc 
on the addition of ammonia. When this is the' case the' prt‘- 
cipitate on the filter consists entirely of chemically pure siivei- 
ehloi'ide, which, when dried, is ready for use. This prepara¬ 
tion is, however, more dillicult to work with than silver oxide, 
and it is therefore advi.s.ihle to convert the chloride into 
oxide, hy placing the undried salt in a laryc' "lass vessel alonj;- 
W'ith strips of zinc, and water slrone|\ aeidilieci with hydro- 
cldoric acid. In a very short time the white silver chloride 
hee'ins to turn hlack and is re.iuced to the metallic state, 
as a erccyish-hlack powder in an extremely tine state of division 

When the I'e.iction is termiiiateij the silver is collected 
on a inter, thorouehly washed with water, and dissolved in 
nitric acid, from which .s(|lution it is thrown down aeain, hy 
caustic potash, as hydrated silwr oxide, which is then collected 
and dried. An enamel containing silver oxide, exhihits, after 
fusion, a supertieial coatine of metallic silver, resulting from 
the reduction of the oxidi'. hut when this is .scraped off with 
a sharp tool a heautil'ul and intense yellow is disclosed. The 
colour can also he produced hy niixine dry silvi'i- chloride 
with the enamel, hut in this case the attainment of the exact 
shade is more difficult than when the oxide is u.sed. 
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f 1C ( h ide 

In eiiurhiilin^^ thr ilrserijition ol' tin* yllow-produnu^ji 
pi;;nn*ntM, mt-ntion should hi* iiunh' of oxul**. d'lii.s 

suhstannV, wlim usnd hy it-'olf, l’urnish(‘s tin* widi-known 
y.dlowish J•l•<I-h|•o\vn colour tn he seen in brown wine hotthvs, 
hut when inuxeil, with other pi^^nnent"' produ<‘es a correspond¬ 
ing inoditic.itioii of tone. When ;nMe'l in pri)p()rtion it 

turns enamels <pnte l)laek 

Owini; to its low prici', I’ei idc o\id^^ is lar^^ely (‘luploycd 
as a pi^nn-nt for ciiameU. and is ^^enerally used in the form 
of (‘onimerciai l•oleothaI■ {('iii'ul which, howev»*r, is 

ne\cr ([Uile pur-, and (MHisetjui'iitly *loes not fuimish hri;;ht 
Colours 

'Fo ohtiin ,i pi'rfei'ily pun^ o\id<*, suitable lor producin;^ 
shades rau'^iny from ndr \ ellow to bottle brown, tin* lollowiny 
method may be pursihMl 

li’on, of a \ 10 \- pure kind {eo, shoe nails), is treated with 
dilute sulphuric aeid in which it dissolves, wdlh evolution ot 
lu'droi;cn The sulution ts lilt'-re I, and, aflor beiny heated to 
, boiliny, is^trra ed with potassium oxalat'* solution, so lony as 
a piecipitatr continui-s to form This is colha^trd on a tiiter, 
liylitly w.islied and diied 'I'ln* yiTcnish powder (ferrous 
oxalate) thus oblaiinsMs yently Imat'-d in a ]>or(:elaui basin 
until it beyins to ylow and gradually clianye into a black 
jK)wder which becomes a biaulilul rc* I W'hen cool'd. 

Tin* eh i‘iniciillv jiiiiT I'rn ic o\iiV tliU'i ohtaiiH’d eoiistitviti;H 
ail jiif^iiiciit liir I'naiiii'Is, and is sjircially valiiatilc on 

account of its liri'-rcsistiu" iiropcrtit's It yields uiieoininonly 
well, so that a very small iiuantity is siitliceiit to impart a 
decided yellow coloiii' to a larmOummnt id' enamel. It is to 
tln-presiaice of .small cpiantilies of ferric o.xide, aiTan impurity 
in tlie raw mateiaals, that the yellow sliade exhihited hy 
certain common ipialities of enamel is due. 
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cooling. S|«:cial precautions—whicli will lie rercrreil to 
later-must also be taken in Fusing the enamel masses 
c\ilonreil with this prujiaration. 

Ity chaneine the proiioriions of ferrous sulphate and 
aluminium compounds in the mixture different shades of red 
can be produced. For instance, 10 parts of ferrous sul|)hate 
and .‘iO parts of alum, mixeil ami treated as above, will 
furnish a product im|)artine a havdsome flesh tint to euatmd. 

The wealth of colour afforihsl by the fen'ie oxide prepara¬ 
tions, comliined with their cheapness, places them among the 
most valuable ami most extensively employed pigments now 
use I in the enamel industry 

Cl,Id I 'ii'linriiltini\ 

The preparati ins of gold serving for the production of 
purple red shades in enamels and glass masses yield the finest 
colours known, though at the same time the manufactui'e of 
the pigments (or rathei' their incor|ioration with the enatnel 
mass) is the most dillicnit of all the tasks we haw to deal 
with in this contiection. l''ormei'ly, purpli- of (lassius was 
the sole means employed for the pi'eparation of gold re Is, but 
of late its place is fi'is|uently taken by pui’e gold chloride in 
combination with sodium chloriile 

Siidiiiiii-Cold <'lili:i iilc. 

T'his product—fornierlv als i used in medicine under the 
name of gold salt, Sul aim Fniiiii'n, or Aiinim nuiriattnim natro- 
iiaturn crijdaUhaliim — is |irepared in the following manner: 
tiold, preferablv in the form of gold ducats, which are maVle 
of very pure metal, is placed in a glass b ‘aker standing in a 
basin of water, and covered with fre.shly prepare I nitro- 
hydrochlorlc acid—(iipm —composed of 1 part of nitric 

acid and d parts of hydrochloric acid,, the reaction being 
assisted by the application of heat to the wati'r bath. 
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When (lueats luiv(‘ Imtu oniplovcd no rrsidno is left, tlie 
^old entirely dissolviii;;', hut if sil\er Iks ]u-»‘SiMit, an insoluble 
s<‘ilinient wl‘ silvtu’ chloridr remain^ hrhind Tin* solutionis 
(K^urcd off with care, and is rvaporat*'I to dryness in a 
porcelain hasin at a ;;entlc heat 

Pun* ’♦odium eldoriiK*. in <|uantity eipial to our-lourtli tin* 
original weight i>l' ;^'old taken, is added to the dry residue 
and the \vhol(‘ is tlmn disst^Knl in water ami re-e\ajM)rated to 
complete dryness* 

'rni-iii'itl nil' 

Nowadays the usr of ])nrple tif (‘assius Inr producing reel 
on ^•nam(‘l is snpei’sedeil hy a eoinponml chloride oi tin and 
^^(»1<1 This is pre[)an‘d in exactly the same manm'r as tin* 
doui)h‘ salt of ;^old and sorlinm just d(‘serihed, except that 
after the ;;<)ld chloride solution 1ms heeu evaporatml to 
dr\'ness it is re-dissol\ed in wati r and niix»‘d with a solution 
ol tin chloride A precipitate of tin-otld ch!orid»‘ is thrown 
down, which, after hejn;^ eolli’i t<‘d on a filler and wasinsi 
with ])ur«.* water, is dri<‘d h\ ;;entle heat 

I'mj)li' ‘>1 t V/SS//0 • 

* 

'rile suhstam*!’ known umler this title is ditliciilt to prepare, 
and its pi’ijperties aiid^cohiur diller ai‘eordin;j^ to the nmtho<l 
of preparation adopted, a trm- ;(olcl pui-ple of ('assins lnunj^^ 
formed only when a solution of ;^ili| chlorkh* is in’ou;^ht into 
contact with a liipiid containing; lioth stanmaH chloriih* and 
stannic chloride. 

*()ut of the nnmerouH cxistiny^ recipe.^ foi- ohtainin;; this 

preparation the followin;; are known to he reliahle — 

% 

Liilht r/nj)l<'. • 

According to \\u<'hler a li;ilit shade of j;old purple can be 
obtainc'l by the use* of the sohitioii of stannic chloride prepared 
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by ilisHolviii}; 5 {(rams of pure tin in boiline aqua reqia, 
cvajioi'iitino this solution to dryness on the water bath, and 
r^-dissolving the mass in distilled water. On the othei' hand, a 
solution of stannous chloriih; is prepared by dissolving tin in 
hydrochloric acid, th(! metal heine in cxce.ss. This solution is 
conecntratisl to a density of 1’7, and 2 j(rams are tiien added 
to the stannic chloi'ide solution the whole being diluted with 
10 litres of water. , 

To this lii|uid is added a .S(jlution of gold chloride {prepared 
by dis.solving O'f) gram of gold in aqua mjia, eva|iorating to 
dryness and re-<lissolving in water), the whole being stirred 
thoroughly and treated linally with .'lO grams of ammonia. 
The greater part of the lii|uid is decanteil from the resulting 
precipitate, and the latter is then collected on a tiltei', wa.shed 
(piickly, mi.xcil with 20 grams of lead Ilux whilst still moist, 
and finally drieil. 

This leail Ilux is compounded of a mixture of 2 parts of 
re I lead, 1 part of ipiartz ami I part of ealcineil borax. 

The resulting preparation is amethyst in colour but may 
be converted into true pui'ple by adding to it, when dry, •'! 
grams of dry silver carlionate—prepared by treating a .solution 
of silver nitrate {lapis uifaniahs) with sodium carbonate,so 
long as a precipitate continues to form; then washing the 
latter and drying it. 


Ihil,: I'liijilc 

To prepare a dark purple, a .solution (f O’S gram of gold 
is diluted with 10 litres of watei- and mixed, by continuous 
stirring, with T'o grams of stannous chloride solution (sp. gr. 
T7) and a few drops of .sulphuric aciil The moist precipitate 
is mi.xed with 10 grams of le.nl Ilux and O o gram of silver 
carlionate. 
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Hose purple' i.'- ohtiiiiiril liy ilissiiiviiif; 1 jei'aui e)!' {Jiilil ill 
aqua letiia, ami iiiixini,^ this .sdlutioii with a sdhitioii nf SfO 
drams of alum in '20 litres of water, ami I a drains of stannous 
rliloride (sp. or. I 7), aiiimoiiia lieiny then aifieii so loiio ns 
a precipitate eoiitiiiues to roriii 'i'iii' precipitate is washed, 
mixed with 71) diam,-, ,,1' lead lliix ami ■2'7 oianis of silver 
oarhoiiate, ami drii'd • 

Then' ail' maiiv other recipi's for piypaiiiii; oold ]iurple, 
hut in ail of tlmiii the rilh' ajiphes that, to ohtaiii a oood 
colour, the solutions employed must hi' very dilute It, should 
also be ohservi'd that the colour id' the preparal ions Ihemselves 
is no criterion of that imparted hy them to enamel, an Holy 
hrown-red |iiirple, often prodiicine' the most heaiitifui shade, 
whilst a hriLtht-lookiny prepeialion Jnay yield shades the 
reverse of ban is.aiie 

The. ipiaidity of yold puiple, or other mild preparations, 
rei|uued to proiluee intense Color,Itioii of the enamel, Is very 
small, yold heiny chai.icteriseil hy a s|)eciall\ hiyh piyiiientary 
power. 

• Uwiny,* however, to the tioiihii' invoKi'd in its p^'eparation 
and the irreyiilaritv ol the results ohlained, yold purple is 
yoiny out of iise as a jiiyineiit for ylass, porci'lain ami 
enamels, and is heiiiy s*ip|ilanted hy tin-yold chloride, or hy 
the double chloride ol yol.l and sudiiiin 

('i/pit>!(\ Onth'. 

A purple red, ei(ual in beauty to that obtained from yold 
compounds, is produced in ydass by cuprous oxide. Unfortu- 
n.Uely, however, this substaiici- cannot lie used for ciianieis, 
owiiiy to the readiness with whicif it is converted into cuiiric 
oxide diiriny the repeated ineltinys iieces.sary in the ease of 
these preparations.. As cu]a'ic oxide produces a bluish-yreen 
colour in ylass the results are, therefore, liable to he erroneous. 
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Orange Pigments. 

No siiifflo prcpiiratioii capable of produciiij; an orange 
skade ill eiianiel is known , but, a.s this colour is a,mixture of 
red and yellow, it can be prejiared by inixiiiff red-formine 
and yellow-forininj; pigments toj;etberin suitable proportions. 
Success is, 111 wever, certain only when a prejmration of 
antimony is nseil alone with the nsl iron pie-nient (ferric 
alniiiinate) , cold compounds are inisnitable, beine too I'eadily 
converted into nietallic yolil 

The ri snltiii}; sliade of oranee obtained varies from oranec 
yellow, when the antimony |ireparation prepondmates, to a 
redder tinye when the conditions are re\ersed. 

(illEEV I’lGMEN'I'S 

(Ireen enamel may be prepared in various ways by in- 
corporatiiie certain metallic oxides with the enamel mass, or 
by addine to the latter a mixture of piynients proilucine lilue 
and yellow coloins respectirelj'. As, however, in this latter 
method the resniliny sliade of colour is less inidei' coiiti'ol, 
besides heine more troublesome, the direct pi'ocess is generally 
adopted. 

The oxides capable of eolouriny enamels oreen are ferrous 
oxide, cupric oxide and chromic oxide Kach of thesi^ de\ clops 
its own particular shade of yreen, ferrous oxide yielding “liottlc 
fireen ” (the colour of common yreen ylasst, whilst copper and 
chromium furnish emerah^ shades of ditlereiit kinds—readily 
distiiiffuishahle by comparing classes tinteil with these oxiiles. 

Ferrou', Oxide. 

Owinc to the interior creen developed by ferrous oxide, 
and the difficulties encouiiK'red in producing the colour, this 
substance 'is seldom used for cohurinir enamels. The author 
has, howevm', found that a very liaiuhsome shade is obtained 

py*ovi<lp(^ t.h<> n<5j»h] in n pUl'L* 
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the deproeiatioii of tin* colour Ix'iu^^ occu-'ioncd by tlu^ presence 
of otlier nu'tals. inon* (‘specially maii;,ouies<‘ and copper, as well 
as by fei ric oxidt'. ^ 

Feri'oiis oxide cannot be used as mucIi, Ix-eaiise wluui pre¬ 
cipitated'from combination it is eoiivi-rted. on <“\posui’e to air, 
into ferric yxide, wliicli ^ives a brownish \ el low. ( ’on.s(‘ijUently 
the only way to <;iiipl<»y haav us oxido is in ih»‘ cinidition of a 
fei'fous salt, takini^ (Mti‘ at^the same time that the enaim‘1 
mass is free from nn\ i.lsily teduced liietallie oxnle {r;/, lead 
oxide). The mass e.iii only be used as a Iransparc'iit coatiujij 
or “ eo\'<‘r ’ 

'hhe l)esr foini of feiMiiis sail is pure ferious .suljdiat.e, 
which c.in be m< st suilably prepai<‘<l in (he tblMw in;^ manner 
Iron is dissoKi'd in dilute sulphurie acid, (he metal beino 
kept, in excess, and lhi‘ reactions assistisl llnalty by ^n-nth' 
heat. The Imi Mliitioii is lilteii'd into a vessel containing; 
an eijUal bulk o) \er\ ‘'(roni; aleuhol. whi<'h e kept stirred 
during’ the opeialion tn order to [^lc^en( tlie formation of 
lar;;e eiystals. .Vfter hM\!n<; at rest, covered up, lor tw(*lve 
hours, the tine ci\stalhne d(!po.sit of puie ferrous sulphate i.s 
dried 'iui(;kjy by pressing hetwis-ii l,i\'crs of filter paper, and 
is then stored in properly closc<l vessels U is added to (ho 
enamel, in a dehy<iraied condition 

Thi.s pure sulphati- w^l leld an a;;reeal)le ;;reen, and one 
that is particularly suitable for us*; in imitationy of old works 
in enamel. I 

< 'll pi n ().ri‘Ir 

• 

Cupric OMile may In; i)l)taim.(l liy tlic mctliod ol’ heat- 

inj; line tilings nl' the metal to ledii^sa in a Hat basin until they 
have hcciJine black, the mi't.il havirif; ahsm'hcil oxy^mn from 
the ail- ami elian;;i;ii into ciiiiric oxiile. Tlie comph;te con¬ 
version of the inelal in this manner is ncivi-rtheless a lengthy 
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operation; the product thus obtained, however, may be used 
to advantage as a green colouring matter for ordinary enamels. 

Special beauty of tone is furnished by a prodvtft obtained 
from chemically pure copper by the very simple method of 
preparation described below, which may be universally re¬ 
commended. , 

To produce chemically pure coppei', a number of pure zinc 
strips are placed in a large glass, flask holding .several litres, 
and over them is quickly ]>oured a filtered'solution of cupric 
sulphate (blue vitriol) up to aliout two-thirds the capacity of 
the flask, which is then closed and strongly agitated for 
some considerable time. On strongly heating the contents 
of the flask, a deposit of pure copper in the state of very fine 
powder is ()btaine<l, ami the agitation of the vessel is continued 
until the li(iuiil has become colourless. The latter is then 
filtered ofl'and the coppei- washed with hot water, dried and 
calcined, whereby it is quickly converted into cupric oxiile. 

To ensure an extremely fine state of division the washed 
copper may be dissolved in nitric acid and re precipitated 
as black oxide, by adding caustic potash to the boiling-hot 
solution. 

The enamel colours yielded by cupric oxide may lie toned 
by suitable additions of ferric oxide. 

Chromic Oxuh. 

Chromic oxide green iji often developed in enamels by the 
indirect method, wherein a certain proportion of [xitassiurn 
bichromate (acid, or red, chromate of potash) is added to the 
enamel mass, together with .some deoxidising substance which 
reduces the chromic acid to chromic oxide, whilst the potash 
enters into combination With the vitreous enamel mass. 

This method is used where no strictly defined shade of 
chrome green is required. Where, howeyer, gi-cater precision 
is exacted better results are obtainable from pure chromic 
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oxide propari'd in various ways, the l\andsomost eolours lieing, 
however, oiitiiiiied when the I'ollowine method is pursued:— 
Two paj'ts of finely |>owdi'red potassium liichroinate ai/ 
mixed with I |)art of powdeiasl sulphur, tlie mixture hcini; 
then plaeisl in a Hessiaii erueihle—whieli it sliould only half 
till—eoverwl with a loose lid, and kept at a eentle red heat 
so lone as thi- llnine of the hurnine sulphur continues to 
appear. When cold, the contents of the erueihle form a 
brittle, porous mass, nhiidi is limdy pulverised in an iron 
mortar ami then extraeteil repeateiliy with water, containing 
a little hydroehlorie arid to retnove any iron present and 
which W(]tthi s])oil the colour. I'he residue ol pure chromic 
oxide is liiially dried hy the .application of hi'at 

A very hatulsome hut expensive chromic oxide, particu¬ 
larly widl adapti’d lor colouriiie eiij,uriels, is obtained hy 

heatine mcrcurotis air hein;.; excluded. 'I’o this 

eml mercury is dissohe<l in an exce.ss of nitric acid, the 
solution mixed with potassium bichromate, and the precipi¬ 
tate dried and Iv'titi'd to reiluess in ;i porcelain crttcihle. The 
product is dried after repeated washings, and forms ti very 
handsome oi-eeii chromic oxide. , 

Ifl.i't; I’lOMItS'l's 

('ol*dt is the sole hlMe-producine piemeiit at prc.sent em- 
[iloyed in the eniunel industry, no other heino able to eipial 
it in beauty (jf colour and producti\ttiesH. It may be used in 
varioii.s forms: as protoxide fchromotis oxide), chloridti, etc, 
as well as in tbe condition of a .silicate, the .so-calleil “sniiilt”. 
Xow the commercial varieties of smalt, though the finer 
amongst tlieui are of handsome colour, are not gooil enough 
in this re.speet for use in the be.st enamels, and it is therefore 
flesirtlble to obtain cobalt preparations that are free from 
imimrities ciilculated to impair the colour. Iti thi.s respect 
cobaltous ailicate i.s superior to all other preparations, and 

0 
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Hliould be mailo by i‘vei’y maimfactui-er el' coloured enamels— 
th<' colour obtaine<l surpassini; all otluo's in beauty. A reliable 
rtcipe for tlu^ production of this com])ound is ijiven below. 

('ohnUnn-i Silii'dtr. 

Tliis salt may be pre^pared from the cobalt ores : cobalt 
"lance, smaltine, etc., by reducing tbem tO'a coarse powdiu' 
ami roastiii" tbem uitli unresti'icted aicess of air, which 
volatilises—as white arsmiic (ars(adous a'eid)'—the ereater 
part of the arsenic usually preseidi. 

't'lie residm-, stirred up to a thick pap with conci'iitrated 
sulphuric acid, is then Inaited to liri;;bt reihiess in a fiirnaci! 
and i!\tra<'ted with water The cobaltous sulphate resultiii" 
from the sulphuric acid treatment has the power of witb- 
standiu" the. action id’ veiy lii"h temperatures, which dccom- 

|iose the sidts proc.liii}; from the otliei- o.xides in the air, 

ami convert tbem for the most part into oxides or insoluble 
basic salts. 

Durin" the extraction of the c.dcined mass, only a small 
quantity ol b'rrous .sulphate passes into solution aloii" with 
tb(! cobaltous suliihate. 'I'lie former may be remeved by the 
addition of small doses of sodium carbonate solution, which 
throws ilown ferric oxide as a brown preci|)itate, the end point 
of tins reaction beiii" easily deti'ctcd after a little praetici', 
since the cobaltous carbonate bet,dnnin" to come ilown can lie 
immediately reco"nised by its pale blue colour. 

The cobalt solution thus freed from iron is filtered from 
the feri'ic hydrate precipitate, and is then treated with 
sodium silicate (water "lass) to throw down cobaltous silicate. 
This pale blue precipitate is washed, dried and fused, in 
which state it forms a dark pure blue mass particularly well 
adapted for colouian" enamels. A very small quantity of 
this silicate, when reduced to powder by iiuenchiii" and grind- 
iii", is .sufficient to impart a beautiful blui- to the enamel mass. 
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Appan'iJtly tlic <piality of tin* (*namoi mass (‘xorts eon- 
sidorahli* inllui'oce oii tin- iiitonsity of tin* colour ]»rodu(*c<l by 
this prcparutioti ami it is thcrrbirc nrci's.sary to asccrtaiy 
from time to tnim. by fimioii tests, the rxart amount of cobnl- 
(o\is siliiale rc'iuire'l foi 'tin* <le\rlnphuuil. t»f any ^ONcti sluule. 

(\<li(dtn'i- /nh rii"-^j'h'itr 

Tins |HM‘p.n-.itiuii is ns.^1 lor proilucni^ \<*ry tine ami 
pure-tnmMi cobalt Volmns Tim simpli-si wa\ I" iiiak<‘ this 

• huiblr salt ol eolialt aii'l /ine is b\ trcitni^ a solution of 
sodium phosphati- wilh /me sulpbati- solution followed by 
cobaltons sulphate thr ad<lition of tin- latter bciu ;4 <*on- 
tinued untd ibr <-oloin- ot the piceipitate has ehaiim'd from 
its «ui;.fin.illy ;^r(‘enish tiii;;i- to daik blue. 

This paiticiilailN handsonn' blii<‘ is ^i‘m*rally applie«l in a 
Ilux comp<»sci| of J pal Is of saml ami lead oxide, ami 4-2 parts 
of tin* double phosphal'*, to whn’i *1 pails of pnia* eobaltou.s 
oxide bas'* been added 

Hy suitably \aiyin;: tin- piojioiiion of the eobalt com- 
poumls emjtloved. all ; 4 radalions ol tom* Irom pah* blue to tbe 
vei'V d<'ep'*sj, shades can be jirodueed 

Xo matter wbat cobalt compounds are used. ear<* must be 
taken tluit tie* <-oballous oxide is as far as po.ssdde free from 
Certain «»xides capable of, inipairni;..^^ tin* purity of the. colour 
Amouj; these, ferrous uxide, iuek<‘lous oxnle ami man^^am^Mi* 

• lioxi<le are tin* most injurious, tlie fxitles of the other m(‘tals, 
altbouj^b aetiiii^^ in a similar manm*!*, bein;^ less powerful than 
tliesc thn-e. 

An ailiiiixtnir ul' nick' l, wliicli is always pi'i'si'iit in coljalt 
nrcH, inpiai'ts a vinlat t-ini^i; so lijn;^ as t.lic cnann'l is lint, lint 
tliii hliaili- turns tn lirnwn in coAlinp' ami tinall}' niviis a 
rcilili'ili tast to tlir liliir wlim l•()lll. 

A minute traee.nl’ IVrrous oxiile siitliee.s tn proijuci; a 
greenish tinne, wliilst a similar but less ileci'leil eH'ect results 
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from the prenetice of ferric oxide. Consequently, when iron 
cannot be totally eliminateil, it should be con\'erted into the 
feirric condition by means of oxidisinjf agents, air addition of 
arsonious acid, saltpetre—or, in short, any substance capable of 
parting with oxygen at a r(Hl heat—being ma<le to the enauiel 
for this purpose. « 

Mangan<‘S(! dioxide imparts a violet shalle to cobalt blue, 
whereas the protoxide has no injirious inlluence on the colour. 
If manganous oxide and ferrous oxide be 'l)oth present they 
neutralise eacli other, so far as their cfi'ect on the colour is 
concerueil. 


Smalt. 

Of all th(' cobalt compounds employi'd in colouring glass 
or enamel masses, none is so widespread as that manu- 
factureil in Saxony and sold under the name of smalt. 

Chemically considered, smalt is a glass coloured an intense 
blue by means of cobalt, and most nearl}' resembling cobaltous 
silicate in composition and pigmentary (pialities. 

The manufacture of smalt need not be gone Into in the 
present ivork, as enamel-makers will ])ureha.se thoir supplies 
and not attempt to prepare the article themselves. We will 
therefore merely give a general outlim^ of the process. 

The cobalt ore is roasted in such a manner that scarcely 
anything hut cobaltous oxide is produced. The other metals 
are not oxidised but separate, mainly as arsenides, in the 
subsequent process of smelting, and constitute an important 
source of nickel. 

The roastisl ore is then fused with potash and silica, 
a cobaltous-oxide-potash glass being formed. This glass, 
on being poured into cohf water, solidifies as a brittle mass, 
which is then stamped to fine powder and subjected to a‘ very 
tedious process of washing by sedimentation, whereby the 
powder is separated into various degrees of fineness, a con- 
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ditioii which exercises some intluence on the intensity of 
colour. It is an essential condition, especially when hue 
enaimds ary in (juestion, that none hut the finest eradea o^' 
smalt should he used ; and by adhering to this rule an unint- 
peachahle jwoduct can he obtained by the employment of 
this niateryil in all cases where the attainment of the very 
hiehest decree of Jn'a\itv of (Silour is not in iplestion. 

Cohaltcais oxide is more ^ii'oiluctive than almost any other 
|)iementary oxide.-and hence only a very small ipiantity of 
smalt is r(s|uired to produce a \ ery dark’shade of blue. It is 
on account of this circumstance and the ath'ixlant relative 
cheapness of the piemeiit that cohaltous oxide is used for 
very common enamels, such, for example, as the dark blue 
kind now employcsl lor enamelling the ontside of cooking 
utensils 


/.dllli'. 

Ibis sid)stance, also err*nnsmsly termed " salllowei','’ (svnsists 
ol hmdy powdered, masted cohalt oie, and, heino contaminated 
with all the other o'ides usually acconi])anyino colvaltous 
O.xiile, is theridore nnsuitahle lor the production of really 
line hiues. .Moreover, since the pro])ortion cd' ccjhaltnus oxide 
is hy no nKains conshiiit, tusion tests are invai’iahly necessary 
to ascertain what the actioji of this pia'paration will he when 
aihled to enamel. 

With relerence to cohalt preparations, it should also he 
menlioiK'd that they are not infrequently employed to 
counteract the slight yellowness produced in enannds hy the 
pi^sencc ol traces ot lerric o.xid<.*, tlm hhu; turnishe<l by cohalt 
heine complementary t<j this ytdlow, so that the niixture of 
the two cones out perfectly white t 

Ijj correct the yellow shade due to ircai, a small*(juantity—■ 
a.scertaim‘d hy two or three lusion tests—of some cobalt 
preparation is a^ldeil, the n'Hiilt the formation of a pure 
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white enamel. If, however, the cobalt i.9 in excess, the blue 
shade due to the latter will predominate, and the enamel will 
present a bluish-, j r., milk-white, appearance. 

By the addition of pigments yielding green or yellow 
shades to })rcparations of cobalt every imaginable gradation 
between these colours and hhie c<in be obtained. , On account 
of its ability to withstand firing, and of its purity and colour, 

cobaltous oxide is one of the most valuable iiigmeiits available 

f r 

for the [mr|)oses of the enamel industry. 

VlOl.KT Pl(i\IE.\TS. 

Only one single metallic oxide is known to be capable of 
producing \'iolet; hut this is on(‘ of such common occurrence 
in nature as to he availabh' for the manufacture of cheap 
enamels. The substance in ((Ut'-tion is :— 

Mdiiijiincac- IHo.ciiic. 

It i.s found native in many places, in the form of pyrolusite, 
and is won by mining, being in large d(‘mand for man}' 
industrial purposes (chlorine iiiainifaeture, cloth printing, 
dyeing, glass-making, the iron imlnstry, etc.). The natural 
oxide (cbmmercially termed “ mangaiu'se ") frei|uentlv contains 
a very high pi-opoi-tion of extraneous substances—ferric oxide 
in particular -and for this reason cannot be used in an un- 
prepai'ed state for the proiiuction of pure sha<les of colour. 

When this latter comytion is essential, as it is in the case 
of enamels, chemically pure manganese dioxide must Iw! used. 
To obtain this compound nsi‘ may be made of the solution of 
manganese perchloride obtained as a by-product in the manu¬ 
facture of chlorini' gas, the li(|nor being boiled in a glass or 
porcelain vessel so long as chlorine gas continues to come off. 
This done; the solution contains only manganous chloride 

A clear solution of calcium hypochlorite (bleaching powder) 
is then added until the deep brown precipitate of pure manganic 
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hydrate' ceast's to form, which hydrate, wlien drii'd at a ociith* 
lieat, may be usc<l direct a.s a |>ii;mciit 

For ordinary purposes the (inely powdered native oxide, 
which is a very powerful |iie;inent, may be u.sed.and, proviifbd 
it be employed in inerejy small ((uantities, will produce veiy 
hand.some sinnies of \iolet. the actual amount of iron prw.sent 
beino then so minute that it cannot all'c'ct the colour 

Whiehevei mati'rial is tahim, care is necessary, in fusiiif; 
the enamel, to s(;e that no*reihieini; agents—such as particle.s 
t>f carbon, or;4anie matter, etc -.are |fresent eitiuu' in the 
enamel mass (jr introduced therein from the lire, since oflittr- 
wise th(! manoam'se dioxidf', which readily ]iarts with a 
portion of its oxyeen, will he redueisl to thi' iion-|)iementar3' 
“red" oxidi' (Mn|l)|, mano,tnese proto-peroxide), and th(‘ 
enamel will become eitlu-r eolom less or assume a tonimtther 
than till' one desiied It is b)- reasoifof this siisee.ptibility to 
re<luction that manganese dioxide owes its popularity as a 
decolorisino aj;ent in the tnanufacture of ”la-s and i‘nam(ds, 
a [troperty which will be more fully discussed later on. 

Heine a \ery powerful pigment ami extremely cheap, 
maneanese dioxide is also used in pn-pariiie black elas.s and 
enamel, the addition of a somewliat lareiu' proportion of the 
oxide than usual colourine the mass .so strongly that it is only 
in very thin layers that the \ iolet sliade can be detected, 
thicker layers showine up ipiite blach. 

lIllowN I’nitllA'T.s. 

In the true sen.se of the word, brown cannot Is; reoardod 
ifs a colour, beino usually a \iolet toned down by means of 
black; and, strictly speakino, there is no ])ioinent known 
capable of impartino a blown ."Jiaile to enamel, the neare.st 
approach to a true brown heine furnishe.d by .ferric oxide. 

'I’his shade is the well-known “ bottle brown " already 
referred to. which may be regarded aa a mixture of yellow, 
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red and black, and in reall\' a somewhat ugly gradation of 
orange. 

A much better brown can be produced by mixing ferric 
o^id(; with a proportion of clay, or, a.s i.s done in .some enamel 
works, making use of a clay ironstoue. In the latter event, 
the production of a uniforni sliade of brown is evidently a 
matter of some difficulty -tlu! only way to attain the end in 
view being to exjiei'inient with various mixtures until the 
desired result is produced. ‘ 

When a preponderating ijuantity of ferric oxide is used, 
the fused enamels wall exhibit a decidedly reddish tinge (puce) ; 
the addition of a yellow pigment will produce a yellowish 
brown, and so on. 

Bi.AI'K I'niMKNTS. 

Although no direct black pigment for enamel is known, 
black enamels are easily prepared by employing some powerful 
metallic oxide, such as ferric oxide, cupric o.xiile, cobalt oxide, 
or manganese dioxide, in larger proportion than usual. 

Each of the aforesaid oxides jiroduces oi characteristic 
colour, but when the amount taken is considerable the 
coloration becomes .so inburse as to appear black. Never¬ 
theless a comparison’ betw(!en two such black shades produced 
by, say ferric oxidi! ami manganese dioxide respectively, will 
show deeideil differences in tone Howi^ver, to obtain an 
absolutely ])ure velvet black all that is necessary is to mix 
the said oxides together Aid fuse them with the enamel, the 
various indii idual shades being thereby neutralised and con¬ 
jointly furni.shing a pure black. * 

It is evident that in the case of enamel masses intended 
to be coloured in dark shades or black no particular care need 
be taken over the purification of the raw materials, the yellow 
tinge due to impurities being completely masked by the 
darker colour. 
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On the other hand, the contrary is tlie case when onainolH 
are to he obtained pure while or in delicate shades; and in 
such event special artitiees and adjiniets must he resorted to in 
01‘der to attain a maximum deps'c of eolo\irlessness in tfte 
mass, since it is only .under these conditions that the full 
beauty of the superimposed colour can he hroufflit out. 
Couse(iuently, every enamel mass intended rm- artistic purposes 
must l)e subjected to a process of decoloration 



vri. 

DECOfjORIsrNC AdENTS. 

( 

The substances at tlio disposal of the ciiaincl-iiiaki'i- for the 
purpose ol dccolorisine tbi^ eiiaiiicl mass arc solely such as are 
capable ol yieldiiie- up (ixyecii when exposecl to bicli tempera¬ 
tures—usually r(Ml beat. The oxyecu thus liixu'ateil within 
the body of the mass tbeii I'xerts a powerful oxidisine action 
on certain eompoiieiits, which would otherwise produce, colour, 
and (Other converts ’them entindy into volatile products 
(carbon and oreauic matter beiiifj cbaiiecd into carbon di- 
(jxido) or modilies them into a bibber staoe of oxidation 
wheis'hy their |)ij;mcntary inllmmce is diminished (c.i/., 
ferrous oxide to ferric oxide). Tile suhstauces usually 
employed loi' this purpose are .saltpetre, minium (nsl lead) 
and maili'anese dioxide. 

Saltpetre (potassium nitrate) ”ives off o.xyeen at a low 
heat and is converteil into potassium nitidte, wliich is de- 
compo.sed by the silica in the emumd mass and forms potassium 
silicate, a substauce tben^ formine- part of the matrix of the 
enaimd. Sodium nitrate (Chili .saltpetrel may be used in 
place of the potassium salt, but has an unde.sirable tendency 
to ab.sorb water Irom the air, and therefore re(|uires to* lie 
dri(!d immediately before use. 

Minium, as has already been inentioned, parts with oxygen 
at a red hvat, and is reduced to lead oxide (litharge), which 
combines with the glass mass. Con.se(|uently, if plumbiferous 
enamel is to be prepared, minium may be selected with 
( 74 ) 
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advaiitaj;'*.' as a ilceolorisinj;- a^roiit. It must, liowovor, 1)6 
ivmarked tliat many cnlnui's (•ammt he developed in pluml)i- 
fei'ous emjnnds: and liimi'i' wlnai siicli t'olonrs aro in (pmstipn 
minium must not lie employed * 

M<uie'anese dioxide,-as ali'eaily .seen, itself aets as a veiy 
powei-ful,])iement towards e|ass and enamel, jiroviileil wo 
redueine aeents p-arlioii or fei roiis oxidel are present, as tliese 
destroy its eoloiu'in;; |io\ver li\ deeradine it to a lower staoe 
of oxidation, lienee liy addine- to an enamel eontainine the 
above bodies a snllirient amount of fliane'anese dioxiile to 
convert them into earbon dioxide and ferric oxide respectively, 
the enamel ran be decolorised, or its colour l■edueed to a taint 
yellowish tinee. 

d’be ei'eati'st eaie is, bo\\e\er, necessary in t.be selection ol 
tire manoanese dioxide for this purpose, since man}’ ol the 
commercial ipialilies ronlain as muciras dll and I’ven 40 |ier 
cent of ferric oxide, and tbeii' use would lesnll in the enamel 
beino tui’iied brownisbyellow instead ol decobn'ised. It is 
essential therefore to take only the bi;;best trades of com¬ 
mercial mane'anese dioxide, le, such as are at least 00 to 05 
[ler cent,.pure, or bettm'still the cbemieall}' pui’e oxide, since 
the amount reijuired is so small that price is a nfatter of no 
importance. 

Xo definite lieure.s can be ei\en as to the ijuantity of 
decolorisinp materials to be u.sed, as this de|)ends ol course on 
boM^ much of the sidistance (or |iibstances) to be oxidised is 
(iresent. The best, and, to the piactical man, most convenient, 
means of ascertaininf; the amount reipiired in each ca.se is by 
Pltsion tests or trial smeltings, small samjiles oi the enamel 
mass beine fused and then compared with other samples of 
the sanie, fu.sed with known (luautities pf a ilecolorisini; agent. 
In this way the object in view—the perfect ilecolOration of the 
enamel—will b.' ri)])idly and assui'edly atfaiiied. 
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Fusion Tests. 

For this and other laboratory purposes use is made of 
t!je small furnace shown in Fig. 2. This consists of an 
iron cylinder, C, lined with hreclay and serving to contain a 
large size Hessian crucible, T, in which is mounted on a 
wrought-iron tripod a .small ci'ucible, S, half full of magnesia, 
wherein is embedded the small porcelain or platinum crucible, 



P, serving for the rece[)tion of the matei-ial to be fused. 
The crucible, P, can be easily im-erted and removed by 
means of a handle, II, of platinum wire. A conical cover, A, 
conmctod with a sheet-irun stovepipe, .several yards long, 
.serves to close the apparatus. Lump charcoal in pieces the 
size of a nut is placed in tlic crucible, T, through an aperture, 
B, whicli can be closed by a suitable cover. Twelve holes, o. 
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are bored tlirou^h T, around tlie bottom, d'iie pipe, 7i\ supplies 
compressed air wliich l)ofore beinj; discliar^eil into the smelting 
lire is heated by passing tlirougdi a coiled pipe in tlie same. • 

The temperature obtainable by tlie eoministion of cliarcoal 
in the liot air blast is soliigh that the most relVactor\' enamels 
can be fu*;<i in i|uantitie.s of 100 grams (:tl o/.) and over, 
within a few mimites. Hence several tests can be performed 
within the hour and tber(^lor(' a comparatively short time 
.suffices to reveal" the behaviour of a new mixture under 
fusion. 

Rosst.Kit's Has Fi'I!N'a<-i:. 

Wherev'er gas is laid on in the works, the enamel-maker 
can advantagc;ously vonploy a gas furnace for making fasion 
tests. Such a furnace is re|)resenteil in seel ion in Fig. d. 
The high, but narrow crneibli', d, has ,T perforated hottom, the 
apertui’c heing elo.sed hy a hall of porcelain. This crucible 
is mounted on a suitable lire-briek block and is covered by a 
thin bell-sha|)ed fireclay ves.sel, c, which, in turn, is surrounded 
by a thick fireclay cylinder, d The lower part of the furnace 
.is formed Ijy an annular block of lire-brick. h, containing sundry 
small apertures on its innei- side. (las is supplied flirough a 
wide pi|)e a, to b, where it escapes tliidugh the aforesaid small 
apertures, and, mixing jvith air, is ignited The hurning gas 
ascends round the crucible, ,1, makes its way out of the top 
of the Ixill-,shaped vessel at c, aud jlesciuid.s between the latter 
vessel and the outer cylinder to the Hue, c, in which a strong 
draught is induced by means of a l!unsen burner,/. 

As soon as the contents ol the crucible, ,1, have melted, the 
porcelain ball floats on the surface and the molten mass falls 
down inlo a basin, ;/, filled with Water. The lid, d, heing re¬ 
moved, A can be re-charged, and in this rnarfner several 
pounds of enamel c^jin be fuseil in a very short time. Either 
of the furnaces just described can Vie warmly recommended 
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for (ixpei'imcntal purposes or foi- preparing very handsome 
coloure'd eniimels for artistic work. 

Saltpetre or minium atfbrd.s the simplest means of de¬ 
colorising eiiamiel ma.s,ses, becau.see neither of these substances 
produces any colour il used in excess, whereas manganese 
dioxid(‘ stains tln^ enamel violet. The following con.?iderations 



Fr.. 

must, howe.vm-, he borne ip mind, namely : an excess of salt¬ 
petre makes the enaimd more refractoi'y, owing to the 
formation of potassium silicate, wh(“reas minium increases the 
fusibility of thi; mass, though diminishing its power of resisting 
chemicals and pncluding the emplo3'ment of C(U’tain pigments. 

Since, however, the amount of saltpetre required to produce 
decoloration* is usually so small that the refractory property 
of the resulting potassium silicate may be regarded as practi¬ 
cally negligible, it is generally preferable to employ saltpetre 
for this purpose. 




VIII 

TKSTINd THH KWV M\T|:HI\I.S \N|) i:n\mi',l mass. 

• 

It is iinpovtinil. that <-\ rry in.ikci- dl' ciiiTiiirls sIiduM lest, not 
only the raw materials usisl hut also tlie heha\ioui‘ ol the 
enamel mass when I'nseil, Ihi.s heiiif; llie sole means wheia'hy 
he is enahled to loi m an aernrate o|>inion ol thi' \ahte oi such 
inaha'ials ami ol the roneetni'ss of his rormiila' 

While a com|ileli. ehemiral analysis oilers I he surest means 
ol olitainine- tin ilesne.l nilorni.ition. ^here ari- also simph' 
methods available wdueh enahle tin- same to he eainril, wdth 
a suHicient dej;ree ol' arritrai'y I'oi' praetiral purposes, so far as 
thi“ properties and mutual behaviour ol' the matei-ials are eon- 
cerned, and it is with tln'se that we shall now' iii-oreed suecinctly 
t^) deal. 

The niethoil always pmsiied is that ol' hlow'pijHi‘inalysis, 
the substances undei examination hein;; lieati'd helore tlm 
blowpipe llame, either by thimisehes or in admixture with 
other substances. 'I'he apparatus used for the performanee 
of these tests is extremely simple, ^onsistine of a spirit lamp, 
an ordinary metal-w'orker’s blowpipe, a piece of platinum wire 
about four inches lone, a strip (d' platinum foil of the same 
leitgth, and a few shenls of white porcelain. 

The blowpipe, in its most convenient foim (hie 4) con¬ 
sists of a .slightly taper tubi’ inserted in a cylindrical piece 
from tbe siile of which proji'cts a .second taperine tube, w, 
carrying a jilatinum cap or nozzle, r, which terminates in a 
narrow jet. 


( 79 ) 
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Before passing to the actual testing operations, a brief 
consideration will be given to the nature of the blowpipe 
M^me, as many substances behave dili'erently according as 
they are heated in the inner or outer portion of this flame. 

The pointed blowpipe flame (Fig. 5) is produced by in¬ 
serting the noz/de of the pipe in the flame of the ispirit-lamp 
and blowing into it air inhaled through the nostrils and 
forcibly expelled into the jiipe by contracting the muscles of 
the cheeks. On observing this conical flaiiie it will be seen 




to consist of two well-dettned conical zones, one inside the 
other. The inner cone, ii, is highly luminous, whilst the outer 
flame, o, is interior in brightne.ss but is blue in colour. Ttie 
former consists of gases which are capable of taking up oxy¬ 
gen, whereas the outer cone" in addition to completely oxidised 
bodies, contains free oxygen at a very high temperature. 

The behaviour of these two parts of ,the blowpipe flame 
towards various substances differs considerably, the properties 
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of tho two Hiimrs Ill-Ill;; (‘MtiiT’ly opposite , the inner Hmne, R, 
has the power of removing owo-en froin hoilies eontnining 
tliat flenient, ami is therefore ealleil the “ reiiueino" Haiiy*; 
whilst the outer finiiie, hv virtue of its eouteiil of olowinp, 
free oNyoeii, exerts a powerful oxiiiisine iiillueiioe ami is con- 
se()Uontly Herim-l the " oxidisiiio’’ Ihiiue 

For iiistauoe, if uietalhe lead he plaei'd in a small hollow, 
on th" surface of a hloek.ol chare lal, ami exposed to the 
reducine llaim- il. will siiu|ily melt and retain its metallic 
condition unchanged . hut if the ch.ireoal is now moved so as 
to allo'N the point of the oxidisin;; llaim- to impiiiee on the 
Hiolten im-tal the latter is rapidly coiiM-rled into had oxide, 
which on eo 'lino remains as a lused yelhov mass of lithar;;e. 
On avain iiiovine- the i-hareoal so as to hriny the lead oxide 
under the inthu-m-i- of the I'eilm-ine- ll^um-, the oxide will be 
deprived of its oxyyeii and aoaiii reduced to the metallic 
state 

Afti-r prolonged exposure to the rc-duciiiv llame a fusilili- 
substance (olassi coiitaimn;; iron will, when cooled down, 
exhibit a botlle-orei-ii coloration due to ferrous oxide, but if 
"heated in Hie oxidisino Haim- will ai-ipiin-a yellow tiij;;e (ferric 
oxide). These two results conjointly all’ord a sure jiroof of 
the presence of iron 

Te.stinh Raw Mateihai.s with the Ulowi'iek Flame. 

The testino of the raw iiiati-rials for the manufacture of 
enamel is usually confined to an (-.xaniination for the presence 
of impurities calculated to atlect the colour of the piroduet. 
It depends on the nature of the substance to be tested whether 
it is examined hy itself or with the assistance of reagents. 
Of course these reagents must thelnselves be pure in order to 
prevent false indications being given ; and all .sucirUiat fail to 
stand the test for jjurity must be discarded 

Those raw materials that can be examined by the simplest 

6 
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means will Im: liik'Mi first In the case of tliese the method 
consists in moistenin;' with distilled water the loop formed by 
Vmline .iiie end of H pii.'ce of plntinum wire, then dipping 
this loop into the substance to he tested, and fusing the 
adherent pai'tleles of powilef m the blowpipe flame. The.se 
o[)oriifituis are repejitisl until enough substance is'bn the loop 
to fiU It and foini a Is-ad, the colour of which can then l)C 
accurately |udged by liobling s it before a white hack- 
ground (p.lperl. 

In testing for the cominoiiest impurity (iron) in these 
materials, it is always advisable to employ the reducing flame, 
tlie green coloration produced by fi'i'i'ous oxide being always 
more decided than the yellow tinge lurnished by the same 
ipiantity of ferric oxide .Moreover, when the presence of 
iron has been ascmUained by the reducing-thime test, one is 
always able, from its subsei|uent behaviour in the oxidising 
flame, to asci-rtain whether the material is calculated to yield 
a colourless enamel if tlu' mass be fused under conditions 
ensuring the complete oxidation of the iron.. 

the Alkalies. 

To test alkalies and the salts (potnsii, soda, common .salt, 
Glauber salt, potassium sulphate) furni.shing alkalies in the 
process of manufacturing enamel, the substance is first melted 
to a bead in the reducing flame, prolonged heating being 
necessary, especially for the carbonates. If the bead when 
cold has a green tinge, ferrous oxide is indicated; but, if 
perfectly colourless, no iron is present 

Potash not infre(|uently contains manganese compounds, 
to detect which the potash is fused along with saltpetre to a 
bead, which is kept in a ifiolten state for a short time at the 
tip of the o.r/disiie; flame. A green coloration in the cooled 
bead indicates manganese. 

Practical experience will soon enable the observer to judge 
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from the of tlH‘ coloration wljctlnT the inaterittl 

un«ler examination is tit f«ir our purj>oses or n')t In the 
enamel mass inanoaiii*'^ i^ c<»n\' rt«“'l into sili<'ate, an»l 
rule the small ijuantitv <4 nian:;an'*si‘ pn's.ait in pota'^h <lo('s 
not ath-ct the ]»r<'p«*rti'-s*..f tli.‘ rnam*'! 

The alkaliim f.uih^ —liiiii-, chalk, ;:ypsum, <l()lomite, argil¬ 
laceous liinesrone.*l>.iryt<‘s. w i(h«‘nt'-. <-tc. -ar«* examineil in the 
s<aine manmT. l>y leMtini; th«‘ i ‘<lucin;; tknne ami notinj^ 
the colour A", fiowiorr, inanv of (hc'.r suhstances art' in- 
lusihlf l>i'|i>r<‘ thf Mow pip»‘, jfctnirsc is ha<l to anhvtlrous 
hoi’ax in <»rtler to ohf.nn tiansparmit saniplis 

When carhonates .uo fusr.l aloni; with horax, t!u‘ Ixunl is 
at first turhi'l iVoin tin* accompanying; huhhlcs tif carhon 
tlioxitle lihcrafc'i hy ill*' hone acnl . in such e\ent the iK'at] 
must U* maintained in a state of fusion until all the c^as has 
escaped and the mass lll•(‘olnes ijuife clear 

The enamel fluxes—hor.ix, lun ic aei<l, lliior spar and cullet 
—may all he tested for iron in the above maiiner. ail that is 
usually nccessaro Ix-iii;; to fuse them, without a lmixture, and 
examiiH' Mieir hehaviour alternately in tin* reducin;; ami 
nxidisiii;; Ihiines. ^ 

This substance, m the state of (piartz meal and sand, is 
‘juite infusible by itsi'lf. ami eonsecpiently has to Im; fused 
with an alkali, when teste«l for im{iurities, ordinary soda (of 
course* free from iron beini; ^T'-nerally emjiloyed on account 

of the fusibility of its beaii. 'I’lie mixture must be heated 

• * 

until all the carbnn ili(j\iili‘ lias Iwaui ilri\cn oft', liaivina the 
heail quite clear. 

If the test lail tn reveal inai'iu the silica nr nther .sub¬ 
stance unih'r exiiiniiiation, hut leaves the heah nr'y, yellow, 
or hrowni.sh after l^aitin;; in the reilnctinn flame, this colora¬ 
tion may be due to the presence of finely' divided carbon. 
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Thifl may b(; r<‘a<lily confirmed hy rolK^atin;; tlu* l)oa<I with an 
a<l(liti<)ii of saltjii'tn'—lliis time in tin* oxidisin^^ flauji*. In 
^^HL* tin; colour is tli»‘ ivsult of carlvin or or^^nic matter, these 
bodies will hr consunu d by the "xy^o-n lilK-rated from the 
HuItjM'trf, and a pi-j-b-ctly colourh-ss bead will be left on eoolin^^ 

T<'sfiH'i Lniil Pirjuiratious 

The object of tr^tiii;,^ prejlai-atiniis of lead—lithar^a*, 
minium, white l<‘ad*and lead sulphate-w twofold, namely, 
for the presence of coppci- or antimony as acci<lent.il im¬ 
purities, and lor adulterants, which not inlreipiently are 
intentionally added, esprcially to minium and white leid. 

Kor the det' Ction of adulterants it is e,.ji(‘rally suthcient 
to reduce (he miiiium or widte hsid to the metallic state on 
(‘harci»al i»efore the hlTjwpipe. If tin* resulting head exhihits 
the ductility of lea'l, and no ri'sidm* is left lieliind on the 
charcoal, tin* suhstaiice may !»■ considered as pure. If, how- 
ever, the lM‘ad is hrittle, tin* white lea<l may ha\e been 
adulterated with zinc white, the presence of wdiicli can la* 
ascertaiiKsl with <*crtainty Ity rcheatine tin* bead in the 
oxidisin;J llann* ruder the-e conditions h-ad yichls a yellow 
incrustation dcpositnl on the charcoal in the imineliate 
vicinity of tin* head, whilst zinc oxide, which is mure volatile, 
will he ilfjKKited a little farther away, and will besides show 
up yellow when Ina. turnin;; pure white on cisiline 

A white infusible residue left lirlnnd on llie reduction of 
wliite bad almost invariably consists ul barytes, the |>ow<ler 
in that case exhibiting a crystallim* slrueture w hen examined 
under a ina^nifyine elass. A red residue from the reduction 
«f minium indicates feme, oxide, or, more frcipn-ntly, brick 
dual. To distinenisb U*tween them, fuse with a lK)rax bea^l 
in the reducin;,' llame: a coloration |>)intHto ferric oxide. 
A similar cxiloration is. it is true, furniahed by brick dust, but 
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m till' lallir im-.' a niiicli liii^'ln'r ti'iii|it‘iatiiri' is.I,si to fuao 

tlic mass til in wlmn jpiiit is |ii','s,'nl. 

lo ti-'t l.’.i.l nations for tli.' vrry oriiM' ini|niriti('.s, 

fopin'r aii'l antnn.int, ili,-\ must tifsl Is- fils,. I to a ,.ol,,iirlc»s 
lieail Hitli l»iia\. lli--n^ iii|i|s'il in |siw-Ipi'r.l snltpi'ti-i' ami 
In-atc'l in tU-- -iM-lisnio llann- a uin> v-llow tinoi- imlicales 
anliinoni whiNt ro|(|s-r' oi\ss a M|,,-n Is-a-l winrii turns rtsl 
Alt'-r jii’-loiio-'-i hi-atino in tin- i i-'liiriiio ll.niir. owiiio I't llm 
ron\i‘ision o| t In-^riiin 11- ofni.- into (ii['ioiis ovnic If tin' 

Is-ail is oii-p-nisli \, Ilou in l■'llolll. Imtli cniiin-r ami aiiliniotiv 
ma\ Is- sniiultam-oi|s|\ |,i,s,-nl t-i plar-- tin- inatti-r lioynml 
iloiilit tin- siilistam--- iiiiisi Is- snl-|p-i-ti->l t-i iln- |iriiprr \vi-t tosts 
for til s,- im tals 

..Iij.-ot ..f . X.imiiiiii;; ihf iMi-tiilhc tfxiilfM aihlfd l-o 

• nuriH'ls Is iwol'tl'i- -ii.iinfl\. i 'l«‘teriiiiiii*‘ thfii [)uritv’ and 
tlifii’ in iljf i naiiifl mass, d'lif iuttfr is a v«*ry im* 

f»rtant p-unt in ili.it it .ittmds .ilisulutfly <‘'T(aiti inl'oruuition 
as i«» th*' inti‘nHi.,\ ol ftflom tliat iiia\ 1 m- I«>i)k»-d lor in u ^dven 
«nniin<‘! in.iss, .uitl aho .ts to tin- inanin-r in \\liich tin* t'lisin}^ of 
the mass .sIlouM he jM-rtorined • 

In or‘ler to ii.i\'- i r**liahl«- stainlard «»f ooiupariHon for the 
ccjlour reactions furnished hy tin- dill'erent im-tallic oxideH, it 
i.H <lesira))le t*> prepat»• *a series of liorax hea»ls tinj^ed with 
oxides uf known pnnty. I*y this means one i*< .sixin able to 
Jud;;e tfie coloiir re.ietiotis produee.i hy the sulwtanceH under 
examination, an*! ae.jmr* skill in deteciinj^ Hiiiall ipiantitioH of 
oxides hy the hloWpipe test. 

Tin* meilnxl of testin;,^ the purity of metallic oxidcH in 
simple, anti ci'iisists in tu''ini: a iniiiute tjuaiitity ahuij; with a 
Ixjrax lx*a‘l t>r with a little ot tiie enaiind mass it is^th^Htine*! to 
o>hmr. Sine*’ the 'piantity td' oxi'ie taken must he excecnl- 
ingly small t>r tin* heail will Is* Mainetl to'i tleeply for tlie 
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colour to Ik* ‘{IstiiiguiMhabh' by traii.sjnitte<l the bead of 
t)orax or eiumiol inunt first \k‘ I'useil until (|uite colourless, and, 
wbffi coM, <li)ip«-<l in water and just brought in contact with 
the jM»wdere'l pigment, sufficient of which will then adhere to 
suitably o*l**ur the bead 

Should, after these precautions, the colour still be too in- 
t^'iise, the bead is lemoved fiojii the loop, and a fresh bead made 
and dipped m the ptiwder furnished by the old one. Bv this 
im-iUis the eiiiour is so dihite<l iun! lightened that an accurate 
jtidginent will be(‘(une possible [S.H — Tiiese te^ts must always 
be made by daylight ] 

'I’be following coloui’ reactions are fuiiiished by the pi’in- 
cipal enamel pigments, with a l>orax or enamel W-ad, before 
tin* bloW[Hpe -• 

ill tii»- 



(N-ilii< iiifc; l1 itiK 

OMiIi^iii^ M lint' 

trcii 

Ili'O Ir y o vll 

Kftltiisli U'llow 

Iron and aluiiunit 


iUtI 

OlplMT 

K.a 

I'.inenild ^'reoii 

Celiall. 

llhie 

Itliif, 

MHIIHIIMCsI' 

Ci'Iiitirl. 

\ lolll 

I'hri'iiiiimi 

ICiiii ral<l t;rc - n 

Vt lluw 

Aitlmt''ii\ 

Vell.ixN 

. Vcllcm 

I'ranuvil 

Vi'll'W n 

. Vollow ^recii 

SiKrr 


VclI-.w 

7auc 

V« How u lion lioi. ('< 

•loiirlt'H^ when cold 

liCHll 

\'rll('U Ill'll lu't, \r 

dlou v\lnn told 

It should be rioleil 

1 lli.nt, as alnai'ly 

nientiom-d, strong 


(oxidei pigments siieli as ferric oxide, manganese dioxide, cobal- 
tons o\i<ie and cupric oxide, when used in somewhat larger 
amounts. pri*ducc deep )>laek, in wbicli event the colour must 
be diluted by fusing e\er again with a new eohnirlevs bead. 
Furthermore, that the colour of tin- beads while hot differs 
frotn that exhibileil at tin- ordinary teinjierature; thus, Ix-ails 
containing IVaui «*r /.me are yellow when hot. whilst, on cooling, 
the zinc bea»l hecoines colourless 
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TKsTINi, THK KxaMFL Mass. 

In ()rilfr to rxanniir Mnnt-wliat laix'vr ijuantilirs nf cnainei 
imivs for colour a thin ^trij*'.!' |•latmuIu foil o}, l*rtt«T‘'till, a 
Hat platinum ra|»*'Ulf (cruoil>!<- co\ri » al"'Ut I incli in 'liamct^r 
may Ih‘ usf.i 11ns vr^Y'! lirM 1>\ tin- ton;^''. iln* con- 

t<‘nt.s an- fusr.l }»•)<.r*‘ lie ioj oM.bsiiii: Haim* of the 
hlo\v[>ijM‘. until j>< 11'ftl\ flui'l *rii- tU'-f'l mas*, ran ;^M'ncrHlly 
Ih‘ sfpaiMto'l iroin tla- pLitmum ly pi'-ssin,- witli a 

knih-, rsju-t.'ially wji'-n ili-’ i *ohti;^' has rtl« n..! .juickly 
In -h'hiult o| a |>latinum v. -v, 1 ,i s|i< ikl ot \slul<' porcrluin 
will sri \r . l.ui ill this <mv,- ili-‘ . natii' l m r ill\ lusrs so ti^^ht 
«»n t<i th*‘ purc»-laiii a'^ to lu- jatol\ jt.n ahh- tin iflioni 

By rinans <1 lusion t«stv «on'luct. >1 in tins \\a\ an iih-a 
is oanii-'l of th* nianiH I in whu h tin i nani' l shuuhl hn 
trcatc‘1 on tin- laio,. vrah' Thus n tie i< 'lurm;^'^ tlanir is loumi 
to in|uriouslv »lh cl tin- *1 '-siimI -h.i'l'* ot imIoui. it will he 
nrcfssarv to tak'- cai'- in making ih*- < naiiM-! to pinti-ct tie 

mass fiom thr n<lu('ini: aeic.n ol ih<- tinnarr -as.-s, ui to H«hl 
oxhiisino a;^^ nts (saltptUir nianoan«s. clioM-h-i t<i preNi-nt 

any r«'lurtn>n 

Th* e-n* ial <i< s( I ijition o| thr pio|M rii- s i,i tii> jiionp-iitary 
matt-rials an-l lln-ii h*ha\!oui m an om.||s|||o oi ♦) i-.lucini; 
atiiK'sphfr*' \m 11 aN p .itfool a -uci- as t.. ih<- emis.- lo he 
piirsU'-'l in fiisino tin . naiii< l 

As tin- \.u lolls . naiii'Is also I . a*'! t.n lh<- tii' tallic surfaces 
wliich thes ar«-.-inplov. .1 to<d\. ) aicl ino<hllrati<iiis of colour 
innv ther**}>v ••nsii' it is .iNn .!*sijahh- to make tusmn expen- 
m»-nts m this .lir'-etioii Sui-h < \p* riments ma\ he *-;tsiiy 
l^lTform*’*! hvcoatiii;; small sinjih .u smtahlv piej»are'l *'li«:et 
iiieUil (ii'on tu'cop]»erI with ' jjain'I mass h< Ioi-e th*- hlowpipe, 
an*l examining th*'eohaii 'j 1 th*’ s^nuph-s atf*r l■<K•Iln;.'■ 'I his 
in a preliminarv’ ta''k whicli will atloi'i impoilant,)nh>nnation 
as to th*' U'st thickm-^'S for tie- layrs of ^.n-'jiiii'l an<l coverinh^ 
enamel—a |f<unt wliicli wilt U- r*-\*rtt*l to m -Im- c'iuim- 
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As is till' case ill otJiia'clicmicD-trciiiui-’al tnules, tlie iiiaiml'ac- 
tiirc 1)1’ I'liaiiii'l-- I'litails tin- us.' dI' various sulisMiary inaterials 
wliicli, alUioU),'li not ciiti'i'iny' into tin' composition of the 
proilnct, ari' yi't I'ssi'iilial for the preparation of the same 
Hmvi'Vi'i', in 111)' hranch with which wi' are now concerneiJ, 
these snhsiiliary materials ari' lew in nnmhiT, and may be 
(nlvantaoeoiisly divideit into four classes, n: ; water, fuel, 
picklinn materials and ammonium carbonate 

Owiue to the importance of tlu'se matei'ials bith in reoanl 
to till' item of cost - in which lespect fui'l leads the list—and 
also to their inllui'uc on the resultiue enamel', it is necessary 
to devot" a fi'W words to tleir considi'ratioii 

Watkii. 

The prini'ipal use of wali'r in the I'liamcl industry is as 
a vehicle for tlm larious materials diirinj; the operation of 
erindin};: and thi' pro|>i'rtii's of the water employeil may 
have a consnlerahh' inllui'iii'i' on thosi' of the euami'l. Thus, 
if the wati'f contains oreauic impurities in su.spension, these 
will be ivtained, by tin' materials to be oround, just as iu a 
filter, and as tln'V will hi' carbonised in the subseipient proce-ss 
of fasion this may explain why, for example, some enamel- 
makers are unable to priHluci iH'i'fectly white or really 
handsonie-colouri'd enamels in delicate shades 

If the impurities present in the water are meix'ly iu sus- 
thS) 
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tih’ 'lillit'ulty n ;^ot t)\rr l)\' tillrutii'ii through 

sjiihI or. Ifftt*'!' ''till. .ui aiiiiiMl flur('i*a! tilt<‘r wliidi will 
iiifal!il»ly ii't.uii all '"nli.l lioihi's 

V ' • • 

A iiior.' iniun.MK nn|iinu\ m I.t mir |>ur|v»si‘ 

sui|*hurrttf,l li\^Ilus wlih'h !■- vulnMr in watvr. 
Ua pr-Hhin tl,.. pun. la.-ti.a, ..t annnal mattrr 

.11 hi tilt* wat' I 1 rt'iii \\ I■!I•* III ill!' \ h H111 \ rit ^'l■•'SpoIiN ()f luanuro 
In-aps Is "It'-ii iai l;-I\ coiitannnat.-.i l.\ tli.';^is 

( 1‘rtain iiul.iU a \ <^i \ ..;i'at allinity 1 'i sulplniruttcl 

liytn'"j^''(‘ii with \\liii‘li tlh-\ loiiii !>lafkwli «•'»iiip<iiiiiils. twa of 
tilt* most sU'si't'pi itil.' Ill tills r.'.p.-ri lifiiiy l'',ai| ami foppur 
(_tuis«M|U'‘iit 1 \. wlhii a I'-a l pi' jiaiahoii I-, ;^ooun*i in watui' 
conlainiiii.^ snlplnii-if. <i }i\liio-. ti, th.- mass ui|| turn to a 
‘iiM*i‘lt‘<l tiwiiij fit till- I <>1 iila 11 >III <i| the lilifls I’oiiiponnil. 

l»*a«l sulplii- 1 ** 

ll thf Us.- <.l Ufli <‘oiii.t!iiitiai-'-l uii'-t Is una\oi'ialilf, it 
ia a'Kisalilf to a'M a siu.ill i|iianlil\ ot s.ilt put it- i.. all pluinhi- 
icroiis .•naiii.-l mass, s tlifi.'iii. so iliai m du. fuHin;r 

procfss thf l•‘a'l siilplml.- ma\ I..- .*\i«lis.-.i to sulplialf 

I lit* most, .l.-lu'ai.* t.'sf tor tli.- pil•s,.||.•*• of sulp|iur'*tt«*«l 
h^-.lr<i;r,.n jii \\.it«*j Is to Koil tin* susp.-ft.-.l sampi.* in a vm.ssnl 
of ^^las*, or porcelain, aii'l liol<l ov.-r it a strip of wlii^i* jmpur 
saturat**.! with suoar ..f l<‘a<i (li*a<i .ict-lat*-) solution A hlack 
coloration ii]<li(“at«*s flu* jin-s-'m*'- of sulphiin-ttnl hvlroj^on, 
tht* »*xtunt of tin* contaiiiinatloll h.-in;; '‘Usily jU'loo*! hy tin* 
deptli of tin* stain . if. )iow<*\rr, tin* pap*‘r r»*maniH iincolounsl, 
the wat'*r is fn*'* from tin* suhstam-.- in .|in*stion 

Almost »*\rry w<*ll wat<*r f..ntaitis a sunill ijuantity of 
iron, ;;»*in*rally unimjHirtant so fai as our purjM>s** is conc»*rned, 
but a larm* proportion of this m*‘tal is prejudicial. Its presence 
may U* easily det**eted h\ a^’idifyiy;,' a 2-iitre sample of the 
water witli a few drops of nitric a<‘i‘l, evaporatinj^ down tf> 

J litre, and addin;; a few dn)ps of [sitassium ferrocyanide solu¬ 
tion Well waters, almost \sitjioul <‘XCeption. will exhibit a 
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blue coloration under this treatment; but if the tinge be 
ineridy a faint oim the amount of iron is so small as to be 
practically negligible, so far as its influence on the colour of 
enamel is corjcenied On the other hand, if a deep coloration 
is |]roduced, or a blue precipitate is formed, the water must 
he regarded ,is highly ferruginous and likely to contain iron 
Hiiflieient to spoil the lii'.uity of delicate coloured enamels 

The pii’seiice id comparatively large quantities id'iroti can 
also he recognised by the formation of a tloceuleiit brownish 
precipitation of fen;u' hydrate when the water is boiled. The 
lime and magnesia salts and sodium chloride, almost invariably 
presiuit in well and spring water are unimportant for our 
purpose. 

It is evident from the foregoing that the manufacturer of 
enamels should endeavour to obtain perfectly dear water, free 
from sulphuretted hydrogen or any appreciable qiiantities of 
iron coiiipoiiiids When the water is intended for use in the 
pre|iaralioii of eerlaiii pure pignientarv materials it is essential 
to employ iiolhiiig but, distilled, or very pure well water 

Ft i;i. 

Ill the enamel indiistiA \ery large ipiantities'of fuel arc 
consumed, il bring necessary to heat tlie masses to high 
tettipcratiires iti onlcr to bttng them itito a state of fti.sion. 
In this cotinection tiot otily is the ctist cd' the fuel in relation 
to its calorilic powif a matter of some importaticc, but also 
the indirect inlltietice the ftiel may e.vcrt oti the qtiality of the 
enamel tiiass should be considered. For e.vamjile, when a fuel 
yields a large ipiaiitity of speeitieally light ash, it may happen 
that some of the latter gains aceess to the enantel tmvss and 
atlects its colour. Wood ashes always cont.iin small amou'nta 
of uncoiistttued cartioii (hence their grey colotiri, and sliouhl 
a small qtiatilit) of tins ash timl its way into an enamel mass 
containing no oxidising m.iterials, the tipjau- layers of the 
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ma.ss would aaiuire a ilccidrtl iStil! nion* injurious 

in thi'' re>''jK*<-t is the ash of oi'riain w liich in mh ition 

to eHrUm. contains a con'^idcrahh- ijuantitv of ferric oxide 
capable of co|<*uiin;; tin- < Hano i mass * 

\\ liiTc tin- diaui^dii.m thf rtiaim l sim ltm;;: turnacc is 
detectivr, tin* products o| coiiiliiistion .ii<- iikdv to be ln^hlv 
cliar^^t'd with ri duem;^' ;s^ascs_ which will hjt\« an ui|uiious 
etiect on many coloiiicd Miairn’ls. inr instance tin- emerald 
;^reon ijli.ide j»io«lu<M| by cft|-iic "\i<ie will. un<li‘i snch con* 
ditioiis. !»• inv<iii;d>I\ discnhiiii.d ownii^^i" tie- reduction of 
tlie cupric o\idc t" cupious o\i.h' 

t'onse.pmntly, caic must Im- taki-n to s,•h i t a fuel that vields 
no tlyiiio ash, and to coiisuiict tin lurnan- in snrh a manner 
as to eiisuie an ■ tliiaent diau;;iir in onh i that the fu*-i mav 
ls‘completely constjui'd to eaib"n dio\iih- and wati r vajHiur 
d he tuel at the disposal nj th* •naim ! maker iiiclu<k‘H 
Wood, p« at. !i;.^o»ile. lo.il w ond ihaiioal, eok' and, in sonic 
Jiiaees, a'Jithracito 

I nder oidiriai \ eii<-uiiislane. s w-.l ts ..xpi-iisive for 

Use a.s tuel in '•iinll Hi:.' I naiii'Is .uid is m>i|eo\er attended 
with the iiu'^iiiN I ni'iiee tli.it It i>unis awa\ \ii\ ipiieklv, so 
that the tire n .piih s fi. ipieni att- nti-.n i., ki • p if n|>* 

i'l'dl Is ol low cal' iitie \alu'' \i'!'ls a lar;.^' pO'portion of 
awh, and is dithcmi lo usi- m furna' • •* '>n aicount of its bulky 
nature 

W'lKjd 1 /'nofri'u/, espi-ciall\ )i<>m hatd wo-i.|s siieh as b4-ech, 
forni.s an 'Xcellent fml in iv'cv fsp^ct. ih*- asfi lieinj^r Hinall, 
the Combustion j»eit»ct. and th'- leafin;^' j)Mwer coiisidc-rahh-. 
UBf<-rtunately in most plac s it is too .-xpriisive for our pur¬ 
pose, and it is only wln-re woimI is abundant that tin* use of 
charcoal is feasible lly i i-asou of it^s hi;.di content of potassium 
cari>onaie, the ash from wood or chaieoal can Im’ lUilined as a 
source of |mtash for the j(re|i,initioii of common cnaimdK. 

When IvjniU is usi-d tin* d''iis*-. dark-<'oloured kinds Hhould 
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t)e i.'liD'-iMi as th(»e aione have a suitatile calorihc power, the 
liglit-coloureil lifjnitcs, still exhihitinv the structure of wood, 
Ix’iuv often in this respect liarely superior to peat. 

• The h’st kinds of coal to use are tlie deep black, shiny 
varieties. Those containing [lyrites fannot be recommended, 
us they oivi,’ oil', liurino combustion, laroe volumes of that 
hi(;hly reflncino o,|s, sulphur dioxide Coals yielding a laroe 
ipiantity of soul are also unsiiitabh' 

[iithr.icilr is an excelhmt fuel,‘consisting, as it does, almost 
entirely of pnri' earlim , its c.ilorilie laliie is exceedinydy hioh, 
and it yiehls a smokeless Maine Ifowever, to yet antin',icite 
to burn properly, the lire-box or Imarth nspiires to be con¬ 
stantly charm'd with i oiiipre.sseil air Irom a blower. 

Coke, the well-known by-proiluct obtaineil from yas-works, 
is somewhat similar lo anthracite, in consisting mainly of Car¬ 
lton and little else heystiid ihi' ash constituents of the original 
coal. Owiny to its porosity, howecer, it burns more freely 
than anthracite and can be useil, without dillicnlty, in any 
furnace, etc., proviiled with a yood drauyht. .Vs, moreover, 
coke burns without smoke and furnishes only carbon dioxide 
and ash, the temperature develo|i!'d beiiiy also very hiyh, 
it formic an excellent fuel for smeltiny enamel, and can be 
obtaineil cheaply in all places where yas-works exist 

(Ias I't'Kl,., 

Oa-s forms the ideal fuel for the pur|) 0 ,se.s of the enamel- 
maker, Ordinary liyhtiny yas, when mixed with the neceasary 
amount of air, yives a very hot, smokele.vs Maine, hut is too 
ox|H‘nsivc to be thouyht of for our puritose The so-calh;d 
yenerator system of heatiny, wherein the fuel is consumed 
at a central station, or yenerator, and the hot yastts are led 
to their various d 'stinations (smeltiny ovens, muffles, etc), 
throuyh a series of pi|>es and v,lives, ap|H'ar.s a very 
advantayeoiis methoil. 



''rusini M \ 11 HI \i.s 
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In ilu‘ ainhoi-s opinum u-.u.-r oflVt's tin- olu‘ajK*st 

means of hr.itiii;^ in i ti.nii-I woik'', .tiel lie (‘oii-'i<l* rs that this 
sy''ti‘iii '^hi'uM li,i\r ill,- piI'l''!'-nff 1 riMii'^triielion 

*leei«le<l upon 

Ih< KI l\i. \I \ 1 1 KI \l s 

I hi- ■'Uh-'t.uic‘-'< ioiupM''i'i uii'l'i llii'' l*-Mii -M'l v«‘, ill (he 
<■n;^nle! in-lu'^Ii\ to ,-l, .m yi ni.-l il uil.n-.-s to wiiieh the 
enane-i''ar ■ to h ■ *.iop i,-l ,, , to li.-.ili. s.u.i '-n laeos from 
a<!hi-rrnt o\iilcs, i-naiii'-l \si!i not sin-k "H aiiv i»ut a 

surlaee ol i l.-an in--i tl l.iit will pn-l oil \u th.- tilm of o\i h- 
m-ver so tlini 

Out ot (hr nuiu'-iiius .I' l'ls capahl ol livvoUnio nn l.ilHe 

o\i«l s the oti'- iiiost orii'-i.ilK ■ inplov'-’l Is ronniii’iI'lal 
siilphune aci'l wlnrh. ho\\. \. r. is too stiono (o us.- .js a pickle 
by itsi'H .Uhl tini'loic lijs to hr <lilul-(|. oiiifi,ill\ in the 
proportii'ii oj 20 to 22 pairs li\ \\rio|u ,,1 ^ u.-i to J pari of 
achl 

In iniMii;^ tly t\M> till- achl jini-'l In poui<-«i into |||.> watiT 
in a thin st <aiii. with eonsi mt sintino |,ni on no account 
shouh! the wati-r h'- poui-'l into ihr achl. suh-* in that i xcut 
(he mixtun- h-als so ia)ii-lly tli.it portions an- projceOMl 
vioh'iitly oul oi tin- vrss. l n. th<- ;_M'at <l,uio. of tin- ojN-rator. 
Soiuotirui-s till' Us. o| .\o 4 ilhaus-n sulphui 1 C aci'l itumin;; acid) 
is advocati-il, hut tint • is n<> ad\anla;,'i- in tins, as it in 
corivertc.l intooidinar\ acid on dilution 

Vincoar is also used as ,i jm'kic and acts hy virtue of 
the acetic acid it contains, hut is onlv advisihle when it can 
\ m ‘ Itouj^lit cheaper than suljihurie acid . the crude wood 
viiYc^jar is the most suilahle on account of its low price. 

In S'lDic a i- |jrtyiii’(l I'njiii (■iil.slifci luirley 

or oats, stiiTi-il up with wariii water ami left tip fi-nnent. 
The prmluct coTitaius lai-tie pieiil, ac tie acl<l aiel other or;'aiiic 
acids, which constitute the active prmciph-. It presents the 
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ifisadvantaftc, howi’ver, of t(ivin<' off a very disagreeable 
putrid odour after a short time ; and, besides, the presence of 
'the solid particles of meal increases the trouble of rinsing the 
nu'tal when cleaned. 

Conseipiently the cheap and strong commercial sulphuric 
acid fiirms the best pickle, and is mori' frispientl'y ustul than 
any of the others uieiitioued. 

AmMoNII’M rflltHONATE 

This salt—ofti'ii, though erroneously, called "ammonia"— 
is use<l in enamelling, to prevent the layer of enamel from 
cracking .\t the present time it isohtaiued in large{piantities 
as a hy-product in gas-works, and forms colourless crystals 
which are coated over «ith a while |)owder and smell like 
ammonia 

Heing cAtremely volatile, ammonium carbonate must he 
kept in tightly closed vessids, and preferably in a powdered 
condition. This methoil of stoisige is also best for all other 
tine materials, especially for pigments (which are often very 
expensive) .Materials that are usisl in large ipiantities, such 
as purihisl ipnirtz meal, |iowilerer| felspar, etc,, may lie kept 
in casks, ilust being excludeil by I'lose-litting lids. 



PREPARINO Tin: |OK EN\M I:i. M\KIN( J 


1 Ih‘ i<' ll aii'l I < <luc( ii-ti nl the |iMii<ijial 

liav.‘aIrtM.ly 'i.-alt \Mtii ,ni.l Iml hlf 1.- r< ni.iitn l.. E.- 

oil tIn'! matt'-r. Il.t11i "'llI'■•taiH’'-'' ''ih li a-' >juai t/ aii' 1 1 1'Kj■ if aru 
H itiiou It 1 1 i ] m i \ M1 1 1 ii 11 I >i 1 1 111,11 \ ■'I at '■ lilt w 111 ' II I |iii'Ii(')h*< i 
may h*' rasily r,'(hirr,| m ^tamjiin;; imlN. tin i('sulnn;^M*«*arsi* 
jMiw.it'r luMiii: afti'i\sai-E Imni-ii! into ,ui .'\ii.-ni«'ltim-xtato 
of division liy ;;iindin;X 'Uii il>!r iiiill-., ,iii.!, i) m'rnssary, 
waalii’-l [ly ''•‘dinii'nt.ifimi 

til.V/F Milts 

For ri'dii’iiii; till' haid mat'-MaU. tli-' -t rallrd ;^la/r niillM 
ilfr usnd ai*' 'it v.umns |tat(-ii)'« Imt on.-l•|||.‘f |Miint. 

has to 111* l.Mino III iiitnd in ilnir l■on^llucit<in. naim-lv that 
th(‘ suhsfanoi's to I- i^ioun'i 11111"! I * ki|>l out ..t contaot with 
iiH'fal 'III afi-Miiiit lit r111* col-iMt!■ .!i |l|<.l!n'•-■•l \>\ flu-)ia»tich*s 
of till* lattof Worn awav In altiitiun 

In small works ii"i mav l>i'm nlo oi an "rdinarv ;..^iuidiin^ 
mill, in which th-' inifi'Mi'" at-- ;:ioiind in a ui-i stai*- 'rim 
composition of tin* -Mndin^' io)i‘-M ni iinU-tom-" mav Ik* a 
source of inconv ••ni'-nc*- A "fon- \ i-rv rn h in ijuai t/, |ij »'fi*rahlv 
a porous iju.irt/ rock, is ;,'i-mj.i!lv U"''-! hiir thoii;.,di of tlm 
seventh di';4n'** of harilm-s. "udr -tom" w*ar awav verv 
quickly.‘^inee tin* fnlsj-.ir to 1 ..- ;.o*)nml of tin-sixth dn;,M'«‘o, 
and the quart;'. aK-* of tin- "nv.-nth d‘*;:r<-*' ot haplm-ss, and 
on this account the stones of ;;la/'' mills n'<|Uire very trequmt 
;.).y 
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rcnowiil—an l■xp(nl^ivl• ami tcilious operation. Nevertheless 
it is not aOvisalile to use millstones of any other material than’ 
'ijuartz, .such stones heino usually much softer than the latter, 
ami mostly containing ferrnoinous minerals iletrimental to 
the (piality of the enaniel. It is therefore hesi, in larffe 
works, to procecil with the nsliiction of the materials in a. 
sy.stematic nianiier, somewhat as follows Th" material is 
calcine I, tliiui i|Uenche(i, ami lijuJ.en ilown in a starji|)ino mill, 
the resulting coarse powiier heiiio sifteii ami the tine siftine.s 
passeil on for Inrthei' treatimmt, whilst the remaimler is 
returneii to anotlmr ilepartineiit in the staiiipmo null 

Eiicr-KrwKR .Mii.i.s 

rile Inrtlier triMtimuit of the coarse powher is hest ]K*r- 
formetl hy iir\ yriniiine m etloe-runner mills These consist 
(it a horizontal |ilalc, in the centre of which revokes a vertical 
shall, .sup|Kirtino a horizontal crosspiece which serves as the 
a.xis of a p.iir of circular niillsloncs ;\s ih,. vertical shaft 
revokes, the millstones, rotaliiiy on their axes, ilcscrihe a 
circle on the horizontal lioltoni-platc,ami [iiikcrisc the iimlerial 
lyino thereon, scrapers hemo employcil to lirino the material 
continually into the path ot the rollers piy.s. li ami 7 show 
the arninocnieiit ot a reeoeniseii excellent ei|oe.i nnner mill 
title I with a revolving hotloni-|ilatc. tl, which takes the form 
of an annular trough, actuateil by a bevel ttheel niounteil on 
the vertical shaft. .1, ami reeeivine motion from the driving 
pulley, N, lliroiioli the coowheel, I), on the horizontal shaft, C 
The .shaft. .1, is attacheil at the bottom to the trough, ami runs 
on bearings, M ami I, The nillers or runners, M, revolve on a 
tixeil horizontal shaft, their movement resulting solely from 
the friction prodiiceii by the material under treatment 
iHitwecn (he riiniiers and the iHittom of the trouoh. Tile 
material is kept in the path of the rollers by means of 
scrapers provided on the liottom-plate. 
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is rcquireiJ, wliich is seldoiti the Ciise unless for special qualities 
of enaiii(!l, tlie powder coming from the mills is washed by 
HwliitietUatioii, the coarser particles being used for oidinary 
imumels and thi' finer for those of higher quality. 

When washed in this manner, or ground in a wet state, 
the drying ol the materials I'ntails great care. With this 
object the pulpy mass is spread out about two inches thick 
on cloths stret<'hed upon Iranii's, tin.- layer being covered 
<iver by other cloths and lelt to dry. at the ordinary tem- 
peraturi' in summer, whereas in winter time the waste hot 
gases li'om tlie smelting and calcining o\ens are utilised for 
heating tin- ■hying rooms containing tim aloresai'l frames 
mount-'I on r.ieks 

In an enamel woiks ol anv size se\iu'al si-ts ■■)’ nulls must 
be provided, tog^'lher with a reservi' of millstones ri'aily for 
us<', as the st.ines we.ir .iw.iy \ery ■piiekly ami freipiently need 
tiimming, ;ui'l it sa\es time to cliangi’ them liefore diey get 
worn down ami untrue. 

Im o\iile bmng .alia'aily in a very lim ly iliviiled stab' 
neeils no griii'ling, but only requm s hoigatitig to n'lnove the 
pai'ticha ol ini'tal pn-si'iit. 

('nnparati\idy .soft materials such as litne, .soda, etc,, 
are re(hici‘il eitiier m ,i stamping mill or b\' pounding in 
a mortar, atnl p,i.s.s.'i| through ,i line sie\e, so that all the 
materials rl■l|uilell for preparing the enamel mass ai’c in lus 
linely di\ided a condition ,is |H)ssibh', nsnly lor use and tit for 
mixing. 

Ihe loiegomg treatment ol the law materials though 
exiN'iisixe IS a neees.sary and absolutidy indis[H'nsable proce.ss, 
as it is only when the greatest care Inis Is'cii bestowed on’the 
prejHiratiiin ol the materials, ami iliey have Usui reduced to 
the tinest [sissible coinlition. that one can count on obtaining 
a readily fusible ainl perfectly homogeneous enamel. 



\1 

MIMXC Tin: \l M'KKI \\> 

Kn'iii tlu' f li' < >1 • 11< i! < \ |il.iii,t(i"ii ' tlir < 

tlf t - >1 IlMfl'iit of l'"' 1( lolli i\\v ( li.lt , lit lln' I of 

till' <‘iiaiii'‘l m.isv il,.. in.!i\i.linl m.if-'iiaU i^ilh.i. liiu'-, MHla, 
iuu''t It" in in ivtMiihU hii<- <il Juimdh iin«i 

ol ii-!nii\f 111 “ ll iIh oji.iMti.-n o| mixni;,^ not 

|>r-'|H-r!\ iMni''! ' it, Ui' -niin-'i ol.fnji'-'l k\ lii'’in;^^ lln* 

\ iUIOll-' lll.ltrl 1 lU f ( hi’l will not lullil 'A I"-! t ,tf lull llllt lllil V 

oxliikii ron-i'i' r.iM-' IIIitii’" III jiMiiifs uf ton ainl 

fu’'il'ilit\ Tlni' I<i '\,un|.l'. ll '-'i' I'lri <•! ili.- nia-'N con 
Uiii’'a )'io|H.rli'iii oi <|iMif/ ainl liiin- uitli a rrlaliv'-ly 

''ijiall amount ot -n.l.I tlii-> j-ain-n uil! I"i m a \• i \ r<-fracf4jry 
cnaim‘1. wliiNt in (In- I'lnaiii'i'i ili- <-oii\'-iii'iition.s juT- 
vailin;^^ will i<‘iMii i tin' |iio'liic( r\fi<iM'-|y iii‘'i!ili' I fiat an 
fiiam*’! ol siirli 111 .•^oii-ii cliu.M-t.i uili ii''*- to •liiii- 

in til' c'diii'' "I 11' i|p|ilii'.iiiiFii 1 iii'lal siirrncc 

rcnuii'f' no 'ip iiioii'iMlioii 

i'on'''■'|'^ nth . iiiiiIp' iiiiil \ "I i'IiiiiMum- tlii'oii; 4 linnl tlin 
entirt* ni.i" i' an ni'li']' ii'aM'' I'-alin*', ati'l oii'- <-tit.ailino 
j'ri’ftt cal'- in tli'- nii'cinii |,i.ii'" 

MIMS'i. IlM’.llPI.' 

» 

The iiio^t s,T\i*'--a]»l*- im-riio.l of mixin;' tfa- raw mab-rialM 
for eiiaint'i is that •wln'r'-in U'**' i^' ma*!'* ot V'-ry wtron^ 
barreU, witfi \vi*Ie faiii;4liolfs [iroM'l**'! with ti^'ht-fittinj' 
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covors, A hliuft passe'l throu^^li th<* ends of the barrel so 
that the latO r can be rotated upon the axis thiu provided. 
'Khe harn'l charged alnait two-thirds full with wci^died 

tjuatititif^s of materials accordini^^ U> ^he reei]»e for the enamel 
to 1)0 pro iiier(l, is eausi'd to rotate slowly on its axis, where- 
l)y the materiaK an* thrown to;^o-ther and incorporated with 
oiK* anotlh'i'. 

d'he time reijuired to produce a thorough admixture of 
the eonieiits of tle^ harr<d can only he det<-imined by ex- 
peric'iic)', and eliietly depends on tin* si/e ol fiir \ess(‘! the 
o|M‘ralion heiuLT near ipiiekly completed in small barrels than 
in those of lar;,o* size 

Since the fused enamel mass has to he er<)iiiid up ae^ain, 
it is evident that a eoiisiderahle amount of motive jtower is 
reijulreil in a lar;:'e ."iianiel works The cheapest form is 
water powi-?-, wlien sullien'nt isa\ailahle fordiiviii;^ the i'd;^n> 
runners, ; 4 nMdin;i nulls ,ind mixers. In dejanlt >'<( water, 
steam is (he least e\pensl\e, the en;;ilie helii;^" preferal»ly 
mounted in a central positiuii foi dn\ in<^^ tin'* machim rv, so as 
to reduce (he I'ost "f imamtiii;:, ainl loss of jmwer in drivin^^ 
lone sl>,iftine 

'I’o economise fuel It is adxisalile to utilise liie heat of tlu* 
waste ;,mses from the furnaces to drv tlie raw materials, 
and, where |H)ssih|e. to assist in hejUiiie tiie Itoilers. wanning 
the water needed for other purposes m (he works, etc., in a 
word, to utilise (he fuel to the utmost. 



TiiK * iM ; KrAi ;.\ Ti()N or ti'ciimcal 

lAAMII.s 

\!l 

mi: i:\ \Mi.i. m 

1 ^ f f*’" I'l '''iin- [■ I ■ !l IIMI i IN ' |l,l\ . I .tii\ III <-tl 'li’ult 

with il,' Ill-ill.-I till- i.iw iii.if •i-talv 

tin- •'.niii III .ill I')-. , \ it 1 1 . iinii \ fiiikij^ <’arr\‘ 

*h'- jn.. it cii.iiii.-iliii,; Id 'III. iijici.itiM'i m-l with a 

sin;^l<- ■•iiaiii.-l inasv. it !■, n. \ ■ 11hi-l.pi.-l- ialil'' t<» *livnii- il 
into t \\ < I sia;^i-s ail'l '•lii|ilo\ (\s.i '-i-iiatal'- i-ii iitirl liiassrK 
'Hn. I'' }>.U 1 Ii'ul.lt K Mll|H.Minl will II It ■i<'s||r<l (if pMMiuci- 
I'naiiii-llfil ;f.iMiU ahh' ( • \n i(li‘'l iirl i-|t<-af'-il r\|ic.snii-to hi;;}i 
tvinjM-r.Knn'", .is is (In las.- with riK.kiii;^' ut- iisi)s • 

nnl\ wlidi tin- ruii'j.dsit I II III (hr rnaiiirl Is Hiich as to 
onuhlr th'- lattrc (o r\|»aii‘l iii'l (oiili.nf III s\n>|iatliy with 
the iiM'tal (o \\hii-li it i* a|<|>lir.| will thr i-oatin;,' n'liiaiti 

intart lirtri (hr aitnh- h.is 1 .i |..ii;^' tiinr m ijsr If, on 

th<‘ otln-r hainl, thr rnaiiirl is imahh to tollow (hr lliicfnations 
of (ho nirtal. th'* inr\iial'h- < oiis. .jiirn<-r will hr (hat in a 
.slnyt tiiiir inmnin-iahlr small li'siurs invisi}>!.. at first will 
)m* jaotlnrrd. alnl thr rlMIliri iusiui^r ,,,i (hr nirtal — 

will Vr;^Mn to chill ntl 

At the (Hue wli'-ii tin- iiiaiinl.iitnir ol • n.-inirllyd ;;ood?‘, 
rsjH^rially ri»..ktn;^ ntrusiK, hr^.ui t-- h. canir.l on on a lar^jr 
scale, .suiriricrit atti-nrtoii had not ln-rn hrsiow'-d on this cirrmn- 

.mi> 
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stance, and consecjiiently most of the enamelled ware produced 
sutfereil from the defect that the {jlaze was soon rendered 
imsij^htly hy the aforesaiil cracks, and (piickly lieffan to chip 
off—a hehavioiir which {jreatly retardeil the General extension 
of enamelled ooods for ilomestic |)iir]>oses, hy reason of the 
lack of diirahility exhihited hy this somewhat expensive 
ware 

For a loll" time i‘iiiicavours have heen made to produce 
enamel masses possi'ssed ot sullifieiit |iroperties ol expansion 
and not lialile to crack and chiji od', hut this ohject was not 
attained until Ihe praclice was adopti'd of re]ilacin" a sinffle 
layer of enamel hy two, of different molecular and chemical 
|iroperlies, the one mass heiii" termed the "round, and the 
othi-r the coNenii" layer. 

The (litorNii L\u:i; 

As its mime implies, the "riiu'id l.iyer of enamel is the mie 
applied ilirect to the surface of the metal, and sepaiatiiijf the 
latter Irom the coviu iii" layi r With n'".ud to tin- projierties 
ol the "rmmd layer it should he noted that the mass should 
he III a \ery rehactoi y character, and only sintered, without 
actiiiill y lustTl. tin- Mirlacr df ihr nirtal. that it 
(.’ovcrs thr latter, ni)t as .i csflierciit Cdatiiii^ Init as a 

[HU'diis mass It is as a nsult ol tbis |inr<»‘'itv that thr iiift-al 
is ahir to i'\j>aini ,iii'l cfaiiract r;i)a<lly witlmut rausin;; a 
scjiaration ni thr (‘onsimifut j'.u'tich's ol tin-;;roiui'l layer of 
CMiaillrl. 

Tur ('n\ i.uiv; F.i; 

1 his layer whieli aet'' a*' a ;;ia/.e t«>\v ,ir*K the laver, ia 

iinanahly eohi|M'Uinl» <l in •'Ueh a iiiaiiin*r a^ to hr inorr rea'lily 
fusible than tin* latter, atul t(t unilr thrrt-with at the surface 
of contact, '-o that the enauirl e\hil*its. u- thr tiinsluHi state, a 
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j^dual transition fmiii tin* rovfrin;; layn-. tl»riin;:h an inU^r- 
mtsliatf iiiixtsl stratuni, to tin- j/romni laviT 

'Pin* un-tlnxi ff irratiiii; (In* niassis int«‘inlc«l t'» form tin* 
covorin;; ainl ;:rouii'i lay- rs-'f * \ain -'arr^i(" tly 

amount of can ^■\.■rci'^.•(l m -lilli n nt tarloij.-s 'Pin* most 
ftPcrtivc incthn! ami tlf •jh. )"sI calculal-'l to |>r<MhnN* 

OiKxl nsuit*" 1" uii>loulit<'.ll\ ill,it wlcniii tin iiia'-s icsultino 

from til'- fini-ai mI th- mat-iiaU i- !••• t!nn ap|>licil 

to ilic ..li|cci to 111- . ji.nii. Il^'l ati.i hn-<i tlii-i< ->u tlicnjM*ra- 
tion Is llio til'- Niiii'- III tin- c.i-'' "I til' \n\> \ riiani' l 

The lepate.l lit.lk'- till" |H"Cr's t ■ \ | h'| Isj \ c, >11x1 

tlu-n-ton- iiinnv atf'iiii*!-' lia\'- lucn ina'h t" rli.Mj>.-n it hy 

moilitications . non-- "J \ihich ]i"\N''\« i ha\i siicrts «ic«l in 
yiel'lino c<jiiall\ r- ''Ult*' 

In tin- nis. (A < l>. i|.- i \s.iir, ih* jin-liiuinai \ lusiii;; of tin* 
onnunl laV'-r t-naiu'-l is oiinit'ii iln-^ iiiiM il law miiterialH 
In-in;; aj'j.ln-il 'iii* '! i" th.- ont.n'- "t lli«- nn-lal uinl jin-lt«Ml 
tln-ri-oii. Tin- cn\ti 1 n.iiin 1 is lln-n iisu.ill^ -lii o-'l on in tin* 
form ol jM)\\i|i i, ati'l hisnl I’l-o i-l. il •'Ullici. iii i u-e In- « xcr- 
ciseil, j)'-rtc(-t 1 iniiii|" .n li.ii'ti 1 ' suit s (• in Ik- .il.iaun-il 1»\ this 
mctln"l, tho.i;;h ill iio cast jv |||.’ \s,ii* so liniahh- as that 
j»n-p.in-.l \,V tin- ai'l ol j.ii\itiU'l\ tn-'-'l ;;i"iin<l arJ (-over 
»-nann-ls. 

As, in.tNMlhsiainiiii;: tli.n lou. i j-Mc. tin- h ss caicfully 
jirejiaiV'l ;;otM|s canin't cUii)" I*- with th.'sf manul.nl ur^'l with 

;'real«-i att'-ntn-n !" -uif li'h- ].i--r-lut I'Uiai \ i«-;:ula! ions, it is to 

tin* interest ot makei til • n.iMi* ll---l wai*- to use imm* 

hut |l^^■^loUs^\ tusf'l eiiaiin I iii.i-st - aint I" <Il'■('"ntinin* tin* 

pjactn-e ol meltin^' tin- fnann 1 int\i nr' 'lit< -1 "O tin- metal 
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Fiirnii'ily tin' ■'iiii'llin;^ ul' tlm iiian^ wm'- iiinl (jii .small 
c|iiaiililH's at a liiiir, rmiiiy to tin- iliHiciilty tlim st.ui'liiiL; iti 
till' way of will kino uitli laryi-f amoitiils, •■s|irci.ill\' in the ca.sa 
(il very I'l'lrai'liii'y I'naini'K The chiel'eaiise ol the i-ehietanoe 
1)1' niakeis to ein) onl this im|ioi'tanl o|ieiation was on 
aci'onnt of the enoimoiis iniantily ol luel consumeil in the 
Itll'liai'es. hilt since the"e|'eat |lloe|'ess niaile in the eollstnic- 
tioii III the laltei', the ilillieiilt\ has heeii ahohshe.l, the heat 
elii|iioyeil heiiio mnv I'lilly lltillseil 

fill i llll.Ks 

The iviieil iiio of o|.,ss masses is oeiierall) eli'ei'teil in lai’oe 
pots or cnu'ihles of .sjiecial shape ami metlioil of arraiioement 
in the riiriiave, ami a lew wm-ils will he ilevoteil to the.se 
crticihles liel'ori' ]>assii\o to the ilescriphoii of the riirnaces. 

It is naturally itnlispeiisahle that the eriteihles slmnlil he 
tniiile of perl'eetit lireproof materials, sniee they have to with- 
staml strone white heat : ami as they are rather expensive it 
hecoine.s iieeessarv to make them serve as manv times i^s 
possihle. 

In most works the so-ealleil Hessian vriieihles are nseil for 
sineltino the enamel mass, these applianees iamio exc'lletit for 
this pnr|)ose in so far ,is their hioh tire-resistine |iropertie,s 
are eoneerneil, the highest t"mperatitre of the fnrnaee pro- 
iliUi 
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<iucing no fiirtJicr fri-ot .m tli'-iii tluni ;i sintfiin;; of 

tilt* Nf\i‘i rlif ('ll luiral iiillu-'nic cx-'i'toil liy 

tlif iiiutcri.iU ill til'' 11 '•''•‘Mti '-nifilili- (Ui th.‘ luavs in a 

vi‘i*v imp'H’t.itii (oU'i I' l ,ii lull M.i I h’li III I'.isH' >uKstiiii<'os^* 


e '1 . s'mI; 

l, .Itf lek lli'*si' ( rUeil'I' s i.i ,i I- i||.. 

I'k-i .ihl'- '-xteiit an«i 

furni. at 

th'- siii'l.u-c ,.1 i-uiit,1' I hwlti\ 1 "1 

i,iftui \ ('uin|M)Un'!s 

Kurtherinur'^. th.- u u e .iiip.-iiii.U pi.-., 

lit 111 

ill- erilMhle 

niai**M il III ik'- rii- if \\.i\ iw> - ni, - \i. iit 

mtu tl 

I-- eiiain<‘l ami 

pii). 111,'.. 

1 • -lui at i..) 1 I h. -.1 1 HJ.U It" • iisii 11 

iii'-i > 

' partleularlv 

NVlul- tl 

1' ( 1 iici Ml u , vt 1 1 1 n-. \s ..111,.' til 

*• liiylih 1 '•) 1 iicluiw 

l.'iy.T, |. 

a III- '1 o\ '' -iiikiii.if i. ill w 11 !i sill, 1 

-'ll til 

• W.llls n| th'' 

-■ru.il.li' 

-luring til- 'll,, li my u| t k. lii -i , 

Italy.' 

1- list It ut' S a 

kiii.l Ilf 

yl.i '- w .leh, in sill,ju 1,1 1 )., 

l-.llh 

pl-'u-i tlie 

01 Ill'll,lo 

1 1 ' III I 111 I 11' 1 1 ' -1 1 . <s|< III t 11. 1 p) . 

\ -•Ills 

til'- eunleiils 

ft ..111 I).' 

(•"ittiti:; ' "lit Hum it. -i 



I'ii. 

Mil. f 1 HO- ■ p. 1 Hlli'^ !.. sp.iil 

til. 

ei 111 ihl'-s In, 


11'. pi . 1 ' 1!( . 'it 1 . Il 1 imf li.'Ui w 

nil 1 

1 1 - s|i Miarye 

wliiKt . 

till 111 t li- 1 HI ii,u < nil III- 'll It- l\' at 1 

1- 1 til- 

t Us. .] Miarye 


ll.l'' Mill --tl (llloinil till' Ip'llttl' I'los iol |!ir pmjMisc 

at fli'' I'utfuin <•! ill-- MU'il'l- \i tlf ni-.in'iit ul '-injit 

the (‘1 I'- .It t ill 111 I . I lull III I •-III]- 1 it III •' ;i ft III II.I I'll- Ml tin- 

Hll ll.K'l' .'llnl it ll'P\S ill' ll-'-'ll rii.ll;;-' nt cull I j nil-it I \'‘J V I'uM 
mat**riaK )>*• iniiuiliit - <1 .it --ii*-'- tli-- n''iih i^ that ci-ar-kH art* 
liaMc fu 1m- wliicii cun-miil\ !jm-I'--ih*- an'i ul't»*ii 

tci'iiiiiial** III til'- l>i*‘.ik.iiiv (it till- i-iiKilpI*- pi-'f at the >notiii-nt 
will'll it is full ut Ills.-I 111 it- ri,il, flius c.iiisihu a u|-rat waste of 
tiiii'* aii'l stuff 

It iiut iufr'-'jU'-iitly li.i]'j"-iis ili-it .i '-lunlil'' is alreinly 
ajyilc'l U-fun- it li.is u- -l .U .ill suic-- nnIm-u l.-tt expuseil 

to the an fur s,,in‘- tun- rh.- ciunl.l.x li.iv a t.-ii<leu(‘y U) 
al^sArh iuuisture in .i .|UiiiHty suffi«i.-nt tliuu;;li in itnelf 
Hlliali —tu i-aUs.- rlielll lu ei.iek if *\jM'sr.l to the heat of tilt* 
furnace without <lue |)i'(autiun. Iluis wh--ii puT siniilenly 
into the hot funi.i th*- w.iter 'unt.iiii.-.j lu ih«- jx.ies ja con- 
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vert^rd iinnie<liatoly into steam, which by its rapid efforts to 
escape jpvcs rise to cracks in the mass of the crucible. 

(.Vmsequenlly, in all lar^^e enamel works, where the fur-' 
*naces fire in constant use, it becomes im)K)rtaiit to prevent as 
far as pos'^ible tie* damai:*- and inconvenience arisin^^ from the 
breakage el' the crncibles in tliis manner. To this end. each 
crucible is Very earet'ully examined, rejectin;^ any'that app‘ar • 
defective, and placiii;,' tile sdund ones to 'iry, a very suitalile 
method of carryin^^ this into etikct I'ein;.; to keep a nundier of 
the criicjbles im tln' dome of tlie furnace', thoU;.rli a special 
dryin;^^ chamber, iieat<nl by tlie waste poises from tin* furnace, 
is still (lettej-. Tlie cnn-ibles beinj^^ thereby tliorou^^ddy 
dried can then be set in the fuinaee witluait any fear of 
crackin^^ 

It is hi;^dily advisahh- to warm the cliar^o- of material to 
he siiielteil in a scparati' chainin')' hi'biie Hllin^^ the crucihles, 
since tliis procedur*' not only hel}),s to pn-vent tic crackin^^ of 
the enicihlfs, hut also to rediic' the tim*' occupied in i'usin^^ 
tlie mass, the Work hein^ jrieatly ‘.iniphfied wIh'Ii this pre- 
liminaiT luMtin;:; is etleeted in a vi'ssi*! fi’om ivhich the cliar^o* 
i>f warmed-up materials can he run dinst into the crucihles. 
The most stiilalile \("'''els Ini' tins j)in'pi»sr are mad** of rire- 
pi'oof mati'i'ials. and shaprd lik* a flat, (oal hasin with four 
strono lu;^"s at thr sidr. hy means of winch tlu- vessel ean be 
lihed with a CO) respuiidni;; ll'on folk* 

Will'll a crueihlr is lu he ('haia^i'd, on*' workman lifts the 
waninn;,"-up p.in out oi tlu' <'hamhi*r by tic ai«l of iIr* said 
iron fork, and slides it over tie' ed;^o' of tin* erueibh', a second 
Workman tin'ieupon tippni;^ up the jiaii. \>y means of a ho<ik 
acting on a pi'op-ction at tin' Uaek, "o that tin- contents are 
dischar;;ed into the cnioihte. A vessel and lork of the kind 
just deseiibed ar*' sliown in' Fi^^s s and H resja-ctively 

in sonii' works ir is tin- eustom to ust* the s;dts ic/., Injrux, 
Hcnla, etc ^ cmploy^'d in tin* enamel mass, .direct without pre- 
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viously ilc|irivin;,' tliom nf ((iiitsimii wrtU r, « praotico that 
shoulil. liowcviT. In- ilipiiiMtcl im mi'omit nf llic ilitricullies 

to wliii'li it ;;i\i'' ii-i' III iii.'ir.liii;; tin fusion of tlio iiiii.hn, 
i-to 

Till' jiropiT (oiir^i- to pui-.li,- iv to witli ilclivilnitisl 

matriiiils mIuiIi Imi, t» .11 'i,'i.i| lu iiolitli , los,'il m-ski-Is 
mill iiiixisi'u itli ill,- otii.r iiil;i, -Ill-Ills jn il,,- 11-\o|\ 1110 liiirn’ls 




jilri-ailv nil IIIii'ii'Ii iiii\tiii- i-* tii;..| pr-'iiiptlv pl,i<-iMl in tin’ 
waniiiiio-iip iliaiiili.'i I" pi--M iil -in\ -ilisorplion of nioistiirii, 
I'no|.i/i'il iioi'i'lain i-i iii-ilili s ,iii hiolili ll■(•onln|l■n■la^lll■ 
tiriuoli sonii-wli.it i-\)iirisiM ()i.|iii,iiy piii'i'i-liiiii, Iiowi'Vit, 
is'not snitiilili- for llii- pui |s.s,-, its coniposiiion Is-itio such 
tlial It sinti-i-s w'lii-ii i-xjs-siil to till- h'at oi tin- siiii'ltiii|4 
ftirnaci- I'liis is-ltax loiir is -liii to llii- pi'-s,*n(:i- iii HiU'h a 
larj^i' projsation oj fi-isp.n-, whicli lusi-s iiiiii*-r lli*- ;,T‘iat lti*at- 
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employed, and foiius a matrix surrounding; the (juartz and 
kaolin. 

(.'ons(MjU'-ntIy tin- poivniam (!rucil)l«‘s for sun-ltin;; <‘nanK*ls 
fnust Ik* pjoparrtl from a mass ondow<Ml \vith very lu};ldy 
rrfractoi \ |irnp<-rti'-s and perfectly Hn*proof—an «‘n<l nas\ to 
attain liy r»-dii< iM;; tin- curitotU of felspar to a ininiiiium, and 
cori’i‘.spundin;;ly iiK'ieasitj;^ tli** proportion of kaotiii 

Snell a eriieiUe. if prop'-ily treated at the first time of 
usin;;, hecoinev eveelletitly ad.iptf-l for till* I'n^ioti uf enamel 
masses U hell til.- Ilr^t eliar;^e is 'mel((‘(l, tlie intei i<n* (.f the 
erileilile I.eeumes eiiate.l a thin la\er of ^tla/e ~moi*o 

relraetory than the r.si of tin- eontrnt'' and reinainin;; 

Unatfeeted hy ■'UKseijUeiit ehar;^es I’orielain ImmIv h(‘in;; 
always made h-om pine /r, iron-livei mateiiais tliere is no 
ilaurn'r of the enamel mass heini; eontammated with ir<'n. 
even the first time of Iism;; the eriieihl.' 

K\perienee teaehes that the {•Jllclhles la-sl loli;;est when 
kept eoii.stanfl\ hot and prevented fioiii hecomni^-pooled 

throiie-h the admission of cold air or ehar;^oim with unheate<l 
mafenals, l'\ir this reason tlie furmn-es should he in work 
oonfinnoiisly. tin- eriicililes no hi-inij removed or allowed to 
eool until tln-y are worn out or the furn,ie«* is to 1 m* shut 

down for some time In the latter (‘\ent the dampers are 

clo.sed, so that the tire Imnis out slowlx and the furnace after¬ 
wards eradualiv cooU down, the eriieihles not hein;; remo\e<l 
until I’ool enough to handle, they ate tlien earetull}' exam¬ 
ined. espeeiallv near the liotiom. Ix'fore U-ini; Used attain 


rtir Smki.tini; 

The funmees formerly in i^eiieial use fi»r suieitm;; enantel 
masses Were of the vertmal type shown iti se(*tion in hi*; 10, 
In tile emtlfi* of tin- hearth is a eireulai- o|M*nin” eimtaiuin;; 
a evlimler of tirej*roof mateiial »‘\tendin:,^^ downwariK throU‘;li 
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I Hi 


the a‘*hjnt 1JH<' a cli.iinlMr iiM'lrnn.Hh whiUl ihr ti|>|K‘r end 
■j)n»ieets a Hlmri iliviancr lul" tlir tiiuiart* an-1. cut »‘!r 

Hat at the fn|) s. as a stn.j...i{ i,ii tin- ctucihlc. Tlie* 
iurnaot- is sii].p!ii-.l uuli In-! thr tnji. aii«l the 

eluiiulx'l Ih'I.iw tie- ashjui .oiita.ii'- a tiii> nt w H< r to n-eeive 
■ t)u- Iiioltrn Ilia'-'. •«! . iiaiie 1 

rie- cni<'ilili' 1 ' tiil.d wiili a lei. \vliuli j'i.i|»cts U-viael 
tie- u.ills all loiiiei aiel pi^oeh i at tie t<>|> xsitli a ku<»h 



l 


III 


for llftin;; Tie- h>'tto>ii is [.-1 iiaat.-l u ith an ajM-ilun- which 
Lj cl(e;<-d. eaclj line- lie- c-neihl' i- i< •<-hui;,n-.| l»\ ire'iiiih of n 
lavor of (juart/ iiiea! tn a j'as.e- with nati-r 

•A nuinlf-r ol hiicli fninac. s ,•./ sjxj m.iy le- arniu^ed 
round .1 ceiilral Ihe- to cirrv otl fie- jinwlucis /»{ comhuHtion, 
and. hv H ‘'li'.rhtlv mo.lHi.-«l constructeni. lie- wast^ i^uhvs can 
be diverted, first into the leal cImiiiImt and tle-n under 
the tNiti for calcinin;; tin or into tie- r<*<an for dryinj; the 
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ware to fx' eiiaiiiclleiJ, i^tc. In sueli case it is advisable to 
make tlie liirnaei' of snob a sliape tliat tlie fuel is ailmitted, 
liot tliroiioli the top, hut by ail aperture in the side, a little 
hi^dier than the upper edf^e of the crueil)h‘, so that the con¬ 
tents of the latter can hi’ exainiiied, the pluo at the bottom 
knocked out, and a fresh charge inserted. 

The ai'iaiioeinent of this class of furnace e.Khibits oreat 
similarity with that of an ordinat'y ^dass furnace, and is more 
economical in consumption of fuel th.iii when each crucible 
has to he he.iled separately. 



Fe, It 


I'or larger esiahlishments, the ’.lutlior has designed a 
furnace to hold nine or twelve crueihles, as shown in section 
in Flo 11, .iiid in plan in Fio 12. The cincililes are mountisl 
on I'onical sup|ioi!s, reslino on an arch under which the 
ve.ssels for catchino the molten mass are situ.ited. The In'nt 
for mcltiiie the ch.U'oe in the crueihles ascends from two 
hearths, F, and the ohject of the partition w.ills, .S, is to unite 
the two currents of hot o,is|ts and convey them to the chimney, 
E, The lofi of the furnace is formed of a thick fireclay plate 
pierced with nine ,or twelve! openings into which the crucibles 
tit, the latter Isdno very tall in proportion to their breadth. 
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in onirr t<t hol^l .i lar;.^r '|uantiiy of tli«‘ onaiuri nui''''. which 
MhnnW'^ tam-'iiirral'lv hi hulk it fii-.'** 

Fo)- \\<-ik^ .-xiia "I/'- thr siii.'itiu:; funiact's arc* 

tlioso wlc'i'-ni til. (iucihl. '«. ih'.t- i.| ■! hi nw .iir*T(ly 

to the liuniMii: >'■ Ii. it.'! h\ laioi jii. .«hi<-c.l in 

•a ..ejKiratf l*Hinai'.- [n tlii'. ■ i-'' fii> itnni'h's ,ii.- airan;^'’.! 

to "tan*! fi I ■ ‘ ail' i mu ... .| m x.j.n il-' celK to 

which the a'hnm'-i'.ii "! !i"f m i* _;ih ii •! h\ .lanij'.'i'' 

'I'll'- iiiovf ei\ nil i_. "lu |•'l•'ltl■lh t 'l tie ^.ae lalor m a 

(‘entral on.' w it h i. n . i i >. t h- n m ihl, v u ha h ii ■ ii i in:^'''i m a 



' _^ 

If ; ' 

(tli'ci*- , ai 1 ' I I hm t HI me' m i \ i "• i i- al ■ ■ i w it h t h* < h< ajie'-t I h»*1 , 
siielmu -kick icnah oi h^mt. 1 1,.- ^ i-s m,'!. i..M,\ whidi are 
of hi; 4 li caloiitie ]i"\\'i that tie o) \,y\ i.-liailory 

eimincN 1- etl* < f- -1 I'll • 'i-'- 

. Kl t ‘ I 111- 1 1 IN'. 

Nowahas-* th<- . kcfiK liiiiia<‘*- Im iii^'le-' much hi;^4ier 
l*'iujH'ratur'*'' than af attain ihh ni an\ ijtliei kpiel, ami it 
ia th'Tefa [minj uorth eon.-i'i'Tino^ ^^}l'tll‘■r th** heat of 
the electric arc cannot h.- utili^.i for the Miieltin;; of enamel 
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rnaH.scs ami otlmT riil'ractoiT ;;lasses. Tlii'i is umioubteclly 
within the hoiimls of possibility, all that is noccssary beinfj' 
•to hrino till' material iimler ti'eatnient nmler the influence of 
the arc, in a siiitalih- inaiintn’, tor tin* mass to fusi* iristantane- 
misly. whi rcujion it may \>v cau^^lit in a erucitilf I'lm latter 
nIioiiM of ciuu'se Ih‘ kf'pt hot eiiou^^li in a suitahh* t’urnare * 
to maintain tin* rtisnl mass in a lii[unl condition. When full, 
ttie stiK'ltirii,^ is it)t*'rrujifed wliihTthr (Tucihh* is Iwin^^ emptied 
ami replaced, wlii rmipon the circuit is a^min cmplrtcdand tin* 
oprration n'snnn'd. Tli'’ most n’tracloiy potash-lime ;,dasses 
can he I’liscd in this manner with rase; hut whether tin* same 
])rocess is siiilahle for lead ;,dass re«|uires to he determined 
(‘Xpei-iineitlally, sinee in \icw of (he powtu-ful reduciiie action 
of (he cli‘ctric aie it i^ possilth- that tin* had oxide may he 
reilneed even in presence ot silica- the resnlt to modify 

(he cliaraeler of the ;.;lass protlma'd 



XIV 

sMllKTiNd^TlIi: CM \K(ir. 

Ill this "})'T;itmil .ili ill.- |.n-c,‘Uitlulls rtn;i;^nu;ihli liniM !«' 
takm to jn’.-vi-iif Ions tliruu;^li iIh- hi. .ik.i;,'.- ut‘ tin- ci iirihlcM, 
< s|M-(-iall\ tlh- til'll tiin'- ill. ,u. Th.- lull.iw in;; is tho 

mrthoil pursui-fl -- 

1’liu iTUcihi. s, h.-itii.' can tullv ai.- hun**! 

with a (‘uiiical sti-. i hit, ..f ln.-a.lih .h-p.^s iIm- Uittum 

to iimkr an aj).‘itIp■ muii;^^ l< In ,tU u\\ I hr fusi 'l IMHSS to 

runout As tin- ;_UuUJ|.l .n,purls .pr urv.-l -vn lIiP'l lis ihoSP 
intrinlr'l luj- ihr r.ornii;; l.i\ri ih.- hoi.-, ip , MK’ilil. s for 
fusinjr tin* foiiin-r mu-t h.- l,u;^r| than tin- ‘-tin js^ , , _ at out 
J inch in iliannirr, a" Miinj,ar<') with t-- 1 inrh 

Tin* ohjri I <.f inakinr' tin* h \> ^ tap. i is t.i ’acilitatr tin* 
nuinAul ot tin- plu;;s, with wliirli tln \ ap < los.-.i witilr the 
mass is lM‘in<^^ lusr.i Tin'-, plu;^^'' an |.P*t<iahiy nia.I.* of 
•quartz inral, nioi'-trin-.l wiih;^ipn wat.*i s.. ,,v p, j.iu,, j, 
coherent m.iss whu li. uiniri tin In at of tin fiirnacr. smt^rs 
tot^ether ainl pr**vrnth t in- ront'*nt- of (h.* ri in ihh fi ojn <*scii|)in^ 
until the plu;; has hr. p .hsplaci .l hy fin- insrrtnm of a pointcil 
iron ro<l. When tin* riucil.lr is i.. h. (-har;:r.| anew a freah 
must Im* rnji'lr ami put tn, ami with tins oh|rrt tin* iiecen- 
sary (punlity of jjlastie material is h\e‘l on tin* tip of an iron 
rod, by tiR'ans of which it can Ih- jirrss**.! into tin pla;j hole, an 
iron disc fac^-.! with day U-in;; provnlrd on tin- ro.^ to proU^cl 
the ofwrator's hand from the In*,it of tin* turnace 

I’nfortunatelv ft often hapj)eim, particularly when the 

did) H 
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plug in made rather too large, that the crucible cracks on 
coming into contact with the cold damp mass. To avoid this, 
•evil the author generally uses well-fitting plugs of wrought 
iron attached to wrought-iron rods, the lid of the crucible 
Ixdng then provided with a slit extending nearly to the centre 
—or, betnm .still, diviihsl in twcj pieces through tlie middle— 
to admit of the insiT’tion of tlie rod. Fig, 13 shows the 
arrangement of a crucible fitted \yith such an iron plug. 

To pnwent any injurious results accruing from the presence 



Fn, I'). 


of iron in contact witli the cnaiiicl ina-s, this rod and plug are 
previously eoatisl with an iMiamcl ct such refractory char.icter 
that, though fusilile at a Mwy high tcmperatur.-, it remains 
solid at the temperatures attained in smelting ordinary 
chargi's. 

If, when the plug is raised to allow the molten enamel to 
run out, it is lowi'fed agaii. hefore the crucible is ipiite empty, 
the ajw'rtu.r will ix' eti'ectually sealdl by the solidification of 
the residue on the introduction of the Comparatively cool fre.sh 
charge of materials Suhsiapiently, when the contents again 



'^MI-LTlNii THK CflARGK 


115 


reach a of fu'^iou. tit*' i" ki'pt >lo\vn in jxvsition by 
the wei;;ht of tin* (•iiar;^o‘ 

Anothi-r plan loi ki‘''pin:; tin- phi;^' T'*-! u]tn;;hi is G) 
it si«i<*wav'‘ aii'i (li<-n upwanU pa'*''in;; tin’ nppiT ••n»l tlimni^h 
a hoi** in that hall -a iTir h.l wlin-li k'-pt pi'iinaiu-ntlv on 
tin* rnn'ihU. tin- oth.-r half m' thf Inl linn- i ik.-n ..ll' wh.-n thn 
char;;** to !.,■ Fi; i:{ 

I h'* crnnni*- h< tn- tiili’^^ ahno-'l up lo th*' hnin with the 
char;;** of anh\ 'hoa" mat* i laU. th** Ii-l is put mi an*i tin* crnciliK* 
s<*t in tin* tuina*'* \\ In-i ruj>’)n th- lattfi isb>-at«‘<l up-nulually, 
hy tirst tliniwni- in a t\\oin<‘h laV'Tot -lowin- tufl on to 
tin* li*‘arth. an<l thmi i-Min- I'-'M lu«’l until tin- I’ltnahh* \h 
♦•ntirely ^un-ouii'l.*-! tlu'i« \vith 

\N lu'ii tin- \\liol<' nia--' "I fui l i*' in a -lo\\in;r (‘oiulition, 
inor*’ In ail'ii *! 1 1**11* 1 iiiii' t^ 1 nin* an -1 tin* eont« nt n • tin* crnci))h* 
ar*‘ ••xanim*‘*i at inii iva*'. Ihiwi sir ri-htl\ fli*’char;;** may 
hav*‘ hi ■••I I pai’k'-'l at tii ■•t it '•>•1 th*" .low n c< •nsi.ln ihl\ in fn-'in;;, 
an*! th**n !‘iirtli'‘i <piantit!.‘- n-’ a.lii*.l lo ih’-i.*rs, until at 
last tin* cjucil)].- Is lull inaiK t<. tin* hniu with tin* inolti'n 
♦*nain**l mas* 

• 'I'o asc'-rlaih uh'ih-t tin* .onti iits .11*’ all ti'|ni'hc'l, a hot 
iron n*'! *'oat'-*l w It h \ < 1 \ 1 . t 1 a* t< u > nani* I is iiis*-rt*'*i in the 

erncihh*. w h* o n is |..un'i that th' lo-l can h.* aUmt 

fri***l\ without lie *-titi; It ll in\ appi ■••■laht** hsistanc**, it 

may h** * * insi.h-j *•<! that t hf iiia-s is pi op. 1 i\ sim-lf.-.l 

With ,i litth- prai'tic* th*- •>p-!afoi will !**• ahh* (•> jml;;e. 

hy tnii* ahiii* aii-l witli-aif th** ai*! ot th** t.-st io*l, wh«-th<-r 

tin- *' -nti-nts ar*' t iis.- i m-v t h- h -s n js ,,1 w ays a*lviNihh‘ to 

u**»* tIn* rtni i« loi .• h 11in; tie < h it ;*• i un out as it may luipjK'ii, 

*l'*spit** tin- cal' fak'n to .n'Ui* piojM i a.linixtur** of the 
materials ih.it '•'•im* paits ..1 tle'inas- ai** mm** r'-fractory 

than th* r*‘st m whn*h 'W'-nf tie* r***! is th** 'ufly ri*liahl** 
tCht. ^ 

Befon* allowin- th*- char-- f'» oseaiH*, th** tnrnace i.s hr***] 
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briskly for about ten minutes, in order that the great heat 
may render the mass extremely fluid, free from air bubbles,- 
• and able to run away with ease. 

S|H!eial [jreeautioiis must Is- taken throughout the entire 
operation to protei-t tin* eoiitents df the crucible from the 
action of the lurnace gases, and prevent access'of particles 
ol tuel. In the case ol ground enamels of common quality, 
less vigilance is reipiireil than ,when Hue covering eiiamids 
are being lused, or when coloured masses containing (*asily 
reducible metallic o\ides are in question. 

I bus, it, lor example, a mass coloured green by cupric 
oxide were lused in an ojM'n crucibk* or one allowing jiarticles 
ol carbon to gain access to the contents, the im-vitable result 
oi this Ill-gleet ol the requisite precautions would be the pro¬ 
duction ol an enamel d iscoloured, or even red, in the upper layers, 
troni the reduction ol dhe cupric oxide to the cuprous condition, 
('oirsequeiitly the ciiicible lids should be made to tit very close 
and must not be kept, open any longer than is ab.solutely 

ncci-ssary , lurtiiermore, an addition ot sonic oxidising agent_ 

salt.jietre or maiigaiiese dio.xide , the bitter in vei v small amount) 

■ should, unless injurious in other respects, be made, in order to 
counteract the reducing influence of the furnace gases. 

Despite all precautions, it occasionally happens that some 
|iarts ot the fused and re-sotiditied niass exhibit a brown or 
black streaky apiiearance, in which case these coloured portion.? 
should Is- picked out from the remainder, in order to prevent 
the whole being spoiled during re-melting, d'he discoloured 
pieces are set aside, and, when enough has been collected to 
till a crucible, are fu.sed o\cr again with an addition of 5 per 
cent, of aalt|H'tre. 11 the di.scoloration has been produced by 
carUin, the latter will la- completely consumed by the oxygen 
liberateil tVoin the salt|s‘tre, whilst if the result of ferrous 
oxide, the latter will be converted into the less powerful 
pigment, ferric oxide. 
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Tlii^ latlor oxiilc throu;flu>ut 

th<* fiitin* mass «m!\ a \»tv on (In* coioui. ami 

tli'*r«*fork* ‘lo'" not "ImmI tli.- .mi.uii 1 as .t 'M*oun<l 

It must m?\niIflrsv 1,.> Unn-- in mni-i that ll»<' aii-iitit*n o5 
will rosiilf in a,m<'.hni .ih-'H <>l (It-- IuhiIhIu n i>f thr 

on.inn*!, to whn-h a <• a i- ''jM>ii lin^' aiiHMiiit of mln-a 

slioul'l if' Ik loll- |1|.' Ilia" 1 " ii tiii-!(i i Us tills artitici* 

till* oMi^iiiai |M ' i|K 11 ii-s . .1 I h. m i''' nil Ik i .-'i - a ■ <1 

In nio't u-'ik'ii 1 'iii't.iiTiii \ to ir-i t‘io Ilia" loi ^t'ouml 
cn.um-l on!V "IK m-1 !< t it nin oil int.n li*- w af«-i lui»s nn'lm ■ 
imth soim- maki i' \\atlin_; unii! tin moi'i u ma" has so lar 
Imisi-ipsl (In- 'ilira j-lu.; at tin h"I(om ihat tin tlunl hi omsto 
tfickh' thii«U::ii It 1 ' in I ih " to ih it tlii' laai tmo «annot 
Im- comnifti'l*-'! , 1 ' in maii\ n' ' il 1- nls i" a i;i< a( wast'- o| 
tinm ami h«*at loi tin jaiij".'.- .it lo..^.-nino th.. |ilu;r 

iiml tlirf-loin riU''ht>s --liiiiiiii h. |Mil*-tahly titlni with tin* 
iron |'lu;^^s aln‘a'{\ •h sci ih. .1 

Wlmii lit!'-' ' a . iiaim I' an in j a'-i > ii at loti n is snairoly 
jiossthjr to tini'li tli--m |•lo|M•tl\ hv a 'inoh- snn-lt ln;^^ smcc 
tln-*\' aj'|» ai lull ol 'tnall l.ithh!.’' wIk ii onl\ onco 

fusnl. ami (■<iii'''<|U'-ntl\ t'-ijunv m- llin;^^ .i s.-roml soni**tinHjh 
ijvfii a tlunl nim- ilow«-\.‘i h\ iiK i- asiii;,' th*- Imal murh 
as jxissihh* ift'T llm mass has Imc.iiik- li'iiml in tlm s'-roml 
fusiiij^. It will oi.)ii-i'all\ h'- toiiml that this Iri-atamuit sulliccM 
to furni'sli a |ii'o<itict I I '-i-1 1 om hiihhlrs, t Ik* mass Iwin;^ tluTchy 
n'mlt*n‘<! thin <-noii;:h to allow tin- hiihhh-s to ast^cml an-1 
liis-sipaln 

<^imm*hiii;4 ihi* fus.-l mass m (oM w.il.*i maki-s it hrittlt; 
arni nasily n*.|im*‘.l to i^.w-I-t h\ sf;iin|an;; ami ;inmlint( Th« 
tisiial cmrs'* is to allow tin* i|m*nclK*'i tiiat'’iial to a<'<*umulato 
for a c*irWiiii timt*. lli'Ui 'iry carnlujly '''‘ijjln atnl stm*! to the 
stamping mill, at't<T whmh it m ;:iouml ami w .-i^^lmij attain, tlm. 
fr*!)|U'*iit wnij^liini^s iM-m;.' for th*- |iui|/<>sf i>l <*stiniatiii;' tin; 
jHircniitaf^*; of unpfovfiitihh' wast<;, vvliifh occurs <iiiriii^ the 
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handling of the material and differs according to the nature of 
same. 

^ Grinding is invariably effected with the assistance of pure 
water, the usual (|uantity employed being three times the 
weight ol the dry matter treated. The 0])eration neces.sitates 
the greatest care, and the product must be as ti;ie as flour, 
since each coarse granule will cause a defective spot when the 
mass is used for enamelling. 

Ev<m in the case ol technical* enamels great care must be 
taken in the grinding, since granular fragments will cause the 
enamel to blisti’r when put on the ware, and leave a bare sur¬ 
face of metal e.vpo.sed to the injurious action of corrosive 
li(iuids, and although these defective places can be made 
g(K)d, the operation is troublesome, and preventitjn, by properly 
grinding the emimel, is better than cure 
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It lian alr*'a<lv lu i’H ni ]'i* \ i<>us '-.•(•tiuns that 

are nothin;^' mop than (‘--haiii 'l -ti' rfn<i* i< -I ojunjur l>y 

linaiii^ of crrtain ji'l-h *! '•ul-vtaiic' s 

An <*niiin'-U an- mr.! l-ii* hi^'liK >it\'i nl j'Ui]'"*' •• it he- 
CoincN vrry im|Hirt,int t-- ni«i.Iit \ th ir «r.jn^'Msitnai in s\ich a 
inaiUHT U" to !it tin in t"i tin j.arttcu!ai nl.in-t foi whicli 
they an- <h-Ntmr.i Kn.tim-ls inP-n-f-l "ol* h J'T artiNtie 

eiiila-llishnn-nt mint, al.cor - \ •r\ihui;:. <\hihil )M-auty of 
C<iloiir ainl hnln-. n -'nlain-f \-> clii'iiiic tl infiin tn'-s hem^ 

in this <-as«- a minor r.•mni'-i,ition wh. i. ts tin- main point in 
technical riiaim-ls n suitahh- <<>mp..v|tn-n f<> •nal^h- tlniii to 
etreclilailv uitlistaml i-hrmiiah an<i «-han;;''' <-1 t« injH'nitun*. 

('ons* i|U« nrlv fh*' nmt|«'''itnai ‘>1 • iiaim 1 nias^. s hiiH to 1 k) 
re^ualc*! Ironi \*i\ 'hfl’ n ni p ants '■! \ n w . aM-nnlm;^ an the 
pnnlucts an- ini( n'!' 'l ha I 'litmai "i ailHfic puiposi-s. ainl 
the timt 'pic-imn to «t.iNnli r n hv wImI imans tin- fiisihility 
of the mass can In- m<.*lifi' 'i as to \><- n-n-h-ir.! mon- j-i-fnic- 
tory or nion- tiisihh- a«CMi-.lin;^^ lo tin r«'<jnin-nn nts of tin- cane. 

It inav l>c lai'l Mown .is .m ,i\iom in this c«inn‘-rtion that : 
<hc hi^ln-r tin- ]»roportion of siin-a in r'-l,»lion to th'- otln-r coiinti- 
tuenln, tin- mon- n-fra* lory will tin- ).ro«lin-t Im ami tln-n-fore the 
^enter.ilN liarMin-ss ami |-)\\''rs o) n sistam-o a;^Hinnt chemical 
agencies. (’fmsrfpn-iii)v. il it \s«-n jK)ssihlf io tnnr Hilica hy 
itself, a glaze of |Mn.- silna woiilM form an nli-af enaiiieJ for 
technical pur|n»s. « This l»<-ing. }iowt-\* i, imjKPS'-ihh-. tin* silica 

ii'.r 
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has to inix<‘(l witli basic substances in order to obtain a 
fusible iiiass. 

The most refractory and duralili- enamels arc furnished by 
masses consisting taitirely of |iotasli and lime, in adilition to 
silii'a, sim e such masses are really nothin^ more or less than 
very refractory oiass. As it is tlie object of evyry cnainel- 
maki’i' to |irodiice a constantly indform article, manufacturers 
arc stroiiely recr)inmended, in their own interest, to omipound 
small (|iiantities . I' tliesi' material' in \arioys proportions, ami 
thus ascertain hy tiial smeltings how these mixtures behave 
ami which is the most suitable l(a' any ei\en purjsise. 

Masses for ;;rouml eii.imels ai'e mostly composed sohdy of 
silica, borax ami IVIspar, their fusibility increasine in pro|H)r- 
licm to the amount of the two last named , ami it is po.ssible, 
hy varyiiie the cpiantity of birax, to adjust the fusibility of 
the mass within a comparatixel\ wide ran;;e 

To decrease the fusibility of any mass, the fused material.s 
are orouml ami mixe.l with a kmi«n (|Uanti(y of tinidy 
levijjated clay, the amount of this eenslitueut heine so laree 
that the powdereil mass, when ,ipplied to the surfaci' to be 
enamelled, can laily he made to sinter nr frit, without actually, 
fusine. • (IroumI silica cu' felspar maj be used in place of 
clay, but in such event the ma.ss will be transparent instead 
of opaipie, both tlie.se bodies consisting ot ,small particle,s of 
transparent material 

To render a mass more fusible it is either mixcsl with lead 
oxide or a laree pniportion of borax is taken, this modification 
bein'; of course mu'le when componmliu;; the mass from the 
raw materials. 

When the enamels are to he oloureil, the addition of lijad 
oxide must he made with erixit can', liecause many pigments 
will not dexelop their colour in pix'sence of this substance. In 
such event it is ea.sy t'l inere.i.se the fusibility of the proiluct 
by the aid of borax. 
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The ert’ect of uiaijnosia is to render tlie iMiainid more remlily 
.distributable over the surface to which it is applieil, and the 
use of this substance is therefore particularly advisable when, 
preptrino enamels desinsl to ilistrihute nniformit on smalt 
articles. • 

A very important point in the prep.ir.ilion of all enamels 
is the so-called decoloration by means of oMdisiiiL; bodies, 
added in order to coiiM it J’erious oxnle into leirie o\ide, and 
therehy diminish jlm pigmental \ |io\M‘r eseiiod hy the 
former It is 'widi'iil that tlm 'ole (ilii'sT aiiomplishisl hy 
this tre.itmeiit is tlm |irodnetioii of laiamels wilh a \ellow 
tinee, hut not pi'l feellv eololll less, tin' solo moans ol ell'eetlno 
this latter desidinaliim hemo tlm use of p.'i'leellt pine and 
therefore costly, raw in.iteiials 

There is, howexer, a simple means wlnaelw caiainel mas.ses 

from somewhat impure mateii.ils e.ni tie ohiai.I of a line 

white colour, ami this is ly tlm addition ol xeiy small ipianti- 
ties of line smalt to the mass lahi* all rohalt pieparatiotis, 
smalt is capable cif imparting .i deep blue colour to ;,dass, 
but the sh.nle in this case is coinplemenlaiA to the yellow 
tinoe pm htced by feme oxnh', atid thereloie tin’ otic coun¬ 
teracts the other, the n’siilt heme to leaxe ..atneT ipiite 

whita-. 

Of course this mutual ilestritctton of colour otily occurs 
when the rioht proportioti of the two piomi’iitary bodies is hit 
upon , for if an insullicieiit amount of stiiall be taketi, the 
yellow from the iroti is otil.x' weakened and still remains 
apparent, whilst an excess ol smalt tniparts a bluish (itiilk- 
wHite) tinge to thi’ tnass 

TJie exixm.se of ilecohirising enatnels iti this way is a 
negligible* factor—a tnitiule ijuantiti.v of stnalt sutlicing for a 
large batch of etiamel tnass .Vll that is tieee.ss(iry is to 
accurately determine, by several letitatixe experiments, how 
much smalt is actuafly reipiinsl to pnsluee the ilesired etlect. 
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'fhc colour of the cobalt pigments being unaffected by tem¬ 
perature, decolorising by smalt can be practised with the, 
, most refractf)ry enamels, and is an operation that should 
hever be oiuitted, beauty of ap[)earance increasing the com¬ 
mercial value even of enamels for jiurely technical purposes. 



XVI. 

COMPOSITION OF M.VSSFS FOR (iROl’NO KN.VMERS. 

« 

Thof;roun(l eiiiUii(Ts arc tlosc iTitcmlcci Rir din-ct application 
to metallic surfaces aud, wiicii a[>piicd ami licatcil. must as¬ 
sume a state of scmi-fusioii (frill, so as to form a liackin;; or 
foundation for tlie cover enamel 

The following recipes may he advantaj,'eously followed in 
preparirifj such {ground enamel 

Very licfrtietvnj (ironrul l-jniivL4'l Mass .\e I 

Fusist I t^ui'lichcit and rleatul lluit MO parts. 

togettuT) Iterax * -tt ,. 

To the fused mass is adile.l, ilurine erindin;;, ahout t!5 to 40 
per cent, of Hint me.il and an e.pial ipiantity ol white clay, 
the fusihility varying in indirect pni|airtion to the eoiitent 
of the material in these two suhst.inces (iroumi felsjiar may 
be employed to replace the addeil flint meal. 


Very Uefrailoiy Mass So 2 


Flint meal 


:V.) parU. 

Borax 


. iG*:i 

White lead » 


. :i & 

fused ami ground with - 

yiiDt meal 


2!} t(i 40 jiartii. 

Clay * . ■ • ■ 

• 

20 U) 25 ,, 

Magnesia . 


5 to fi ,, 

• 

xiri _ J.U-.J_ 


• Crystallised iKaax cuntaining 47 1 per. ent. of water When dehydrated 
borax is used, the quanflty must he Lorrespjijdiligly reduceil 

(VSA) 
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Owing to the presence of magnesia this mass is more 
refractory than No. 1, but i.s superior to the latter in many 
^w'ays, being mucli easier to apply, and adhering strongly 
to the su[)in'ior-impo.se<l cover enamel. 


liefracton/ Mass A'o. 1. 

Flint, rnoal. 

Borux. 

fasi*'! mnl with— 

Siliia . . . . 

Clay 

lirfiar(n)i/ J/kss' Xo 2. 

Flinl. iiH'iil 
Itorax 

fuHC<l aii'i with — 

Silica . . ... 

(liny . . . . 

Mn^ni“>.iii ... . . 

Fusihlt’. .Vd.s.s So. 1. 

Fliii\ meal. 

Borax. 

Felspar. 


50 part'!. 
30 „ 


13 

13 


.5() jiart.s. 
30 .. 


15 

13 „ 

1 part. 


30 parts. 
25 „ 

30 


fu.sed together and ground with— 

Cia\.lO’T.'i 

Felspar.15-00 

Magnesia.1-S3 


Fusible Mass Ao. 2. 

Flint meal.30 parts. 

Borax . . . . '.18 „ 

Wbitc Lkad. . 3 „ 


fused together and gi-ound with- 
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Flint meal. 

. parts. 

■ Clay. 

. S lb .. 

Clialli .... 

. 12-00 .. 

Magnesia .... 

O-IIO „ • 

* 

Felspar-Leud-O.ridc Muss o, 

i Medium Fiaihiiitp. 

Flint meal* ... 

.^1 parts. 

Felspar . . • . 

■to 

Soda * . . . . 

1- .. 

White Lead . . . * 

h 

Borax 

15 

• 

fused together and ground with - 

F’elspar 

0 25 . 

Clay 

11 7r. 

Magnesia 

oT.'tj'art 

Chnuwi fur Illdl 

(deiisfls, .Vo 1. 

Flint meal 

<0 parLt>. 

Borax 

lo'i 

White lead 

to 

fused togethei and ground with— 

Flint meal 

■1 

Cla\ 

H r, 

Magnesia . 

0 5 part. 

Ground dhnt for Iron 

fderiu/'i, N". 2 

Flint meal . . • • 

;t0 parts. 

Felspar ... 

. "to .. 

Borax . . * . • 


• 

fused together and ground with— 

Clay. 

• . . . . 10-75 .. 

Felspar .... 

■ 0* 

Magnesia . . • • 

. 1-75 

• Anhydrous 

soda. 
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Ground Mass with Magnesium Sulphate, No. 1 {for Iron 
Utensils). 


Flint moal . 

Borax . . . . 

Botasli , 

Magnolia . 
Magiiusium sulphate . 


20 parts. 
'■i „ 

I part. 

0 parts. 


fused tofrether and frroimd with— 

« 

Clay. 


o 


Ground Mass with Magnesium Sulphate, No. 2 (Jor Iron Utensils). 


Flint inoal 
Boiax 
Mai^nosia . 
MagnoHiuin >(iil[)iiato 
S ala .... 


30 parts. 
10 

4 „ 
2-25 „ 

1-75 „ 


fused lo^rcther and ;rn)uiid with— 


Flint iniMil 


IS per font, of weight of mass taken. 
1 ^ 


I he hin';jnini^^ recipos an* used in t!u* l!ir(:jo.st works and 
suflici' |ll■l■l'(!Ctly I'll!' all piiriKws in tho l•nameliinJ; of cooking 
utonail.s, lioilcr clc [ii onlcr, Iiowcvit, to afford makers 
a means of rectifying certain imperfections manifested by 
enamels a liriet notice ol these ainj their remedies will now 
bo gi\en 

1 (Iroiind mass readily chips otf from the foundation. 
Betiinlij: Add niagnesiiini sulphate 

•2. Mass diliienll to distribut.. the ihetal and holds 

badly, lieno'dp .Vdd a little magnesia, excess being avoided 
as it make.s the enamel too refractor\'. . 

:l. .Ma.s.s too hard. llKomli/. .Vdd ,i little'lead‘oxide or 
pota.sh ; (*-, lietter still, both. 

4. .Ma.ss too liisilih' Remedy. Increase proportion of clay 
and tfint meal when grinding the fitsed mass. 
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Percentage Composition of Certain Ground Masses. 


(Analysts) by \’ofjelsani; I 


j 

1 

" - 1 - 


1 

3 

3 V 

3 

Nr) 1 -= 


Zi 0 

S ' 

1 '' 

U' i 

7. 


j / - 

i -4 




• 


1 



, '' , 

1 1 OG-01 

14-58 

: — 4 is 

11 17 

0-75 : 

- i - 

2 1 68 62 

■ 17 27 

1 — 

11 il 


^ - i — 

3 68-51 

16 72 


1 i 70 

1 07 

1 — 

4 ■ 5'.)-66 

11^61 

t 75 

I'l 1)1) 

1 1 1 

; - i?'“ 

5 ' <4-02 

lolo 

4 05 

1 1 15 

1 la 

1 — 1 1-78 

6 : 56-87 

8 SO 

U 'X; 2 62 

I'lOl) ' 

* 0 7s 

' - 0-47 

7 57-55 

! 1 { C.S 

2 '*0 

5 7 5 ' 

17 25 

1 2 80 , — 

8 ! 66-66 

\) 50 

1 70 

1 2 110 

7 i; 

1 1 88 1 — 

Avorago (>8'48 

l-t 75 

2 1)7 1 56) 

1 1 05 

.) 72 

1 0-61 0 1.5 

Hence we i 

see that the prupoi tioie 

. ()1 till 

; trU'‘ 

lass-forming 

components (s 

liliea, borax, alkalies, I 

I'.lfl oxide ,111' 

1 liino) vary 

only hetween 

narrow 

wln'PM-' tli^‘ 

iil)st;uu'<‘s iiotiii;; an 


covering; iiiatsfial, eg., fl.iy aii.l iiia-nsHia, may lliictiiate 
considerably. 

Wlmn one lias selecttsl a oerlani erouiel enamel mass, 
the same should be adhered to and ada|,|ed, on the results of 
e«periment, so as to meet the end in view This rourse is 
better than continually llynie fnmi one mass to another, 
wliich involves a greater waste of time and lalioiir than are 
cousutned in working.,n jml mod, tune a sniole onmnd mass 
until it acquires the propel ties deslled 
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COMPOSITION OP COVER ENAMELS. 

< 

Clii'tniciilly s|iciikliiK, I’ONor cMaiiicIs ara inaili' tran.s- 

lucatit or rvrii (|iiiti‘ o[iai|\ii' Ly the a'lilitioii ol tin oxiilo or 
oilier wliilc o|iai|iie liirlies. .Since a |jrinci|)al rei|nirenient 
cxacte.i of these eimiiiels Is that they must he reaiiilv fusible 
anil (listrihiile iiniloriiily o\ ei the^ioinel eii.iiiiel when inelteil, 
Ihe eoiii|iosi(i.mist lie ieeii||,(eil so as to enable tliese con¬ 

ditions to be I'llllilled , 

l''or s|ireial leasoiis it is. howevei, iiiipoi taut to keep their 
lliiidily within l■erl.lln hounds, smee if a einer enamel be 
fii.sed III a eriieible, and, .il'tei eonliinied heatine, left tore-cool, 
a pi'ciiliar lesnlt will be noliei-able, ri: that while the nia.s.s 
at the hottolll of the eriieihll' is sllll pure white the inteiisitv 
of the colour diniiiiishes lowaids the top, the upper lavcrs 
bavin;; the .ippeai.iiice of f.iintly turbid ydass and beine un¬ 
suitable for use as miaiiiel 

The cause of this is not far to sis k, beiiie due to the hi;,dl 
speeitie ynauty of the tin oxide, which tlierehae settles down 
to the hottolll of the liipud mass and lea\es the upper jairtion 
almost free. t'onsei|iiently, if the eiiamei is too tliiid, it will 
not yield a homooeneoiis product, whether the opaipie material 
employed he tin o.xide or the eheajier hanl oxide often used 
in |ilaee ol the former 

In this conneetion Ikiiic ash acts in a very favourable 
imuiner, as, by reason ol it.s low s[K'eitic p-avity, it does not 
.settle down even in extremely tluid enainel.i, and is also cheap. 
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Only, when Ik>ju* ash is nsod, it ltcciijn<‘s nt‘c*‘sMir\. in order to 
obtain a pure white enamel, toadd tothe massa little sd(])etn^ 
for the ptirposi* of i>xidisin^r tli,» carh*m presiMit, wldeli is the ^ 
cause of the ;;rey colour of the ash Lead <»\ide Im- producing 
opacity in enamels is rij^ditly i^oin;,^ more ami mor.* out of use, 
for thou;^di. .when ad*h*d to tlu^ fused and re-«;rouiid mass for 
fusible cover enamols h-ad o\id«* can In cvreful tirin;; he pre¬ 
served in an unfused aiu! imcomluned condition and tIhTol'on? 
causes the Dias', ti>yipp<‘ar wliile, tim eolinii is always tiii;^e.d 
witli yellow from the o\idr and is nr\ri»purr wliilr unlesH 
an addition of smalt lx* undo, winch i^rratl\ eonlributes to 
tlu* coiiqieiisation of tlio eidoiir Moicomt. iIm' us*- ol lead 
is inadvisahh' in enamels lor tedinteal purpos.-s, th(‘ main 
ohjeet in which easo is to ohlaiii a product l•apat^ll• ol wilh- 
staildin;^ eheiineals, wle-nas a siinpl'- '\priitn«‘Ml will sliow 
lioW easily enamels eontaiiiini; Lad o\iJ-' can lx- coiioilrd hy 
such aomiei«‘s 

d ims if an lx* lioali'H up in a \'’''Sfl limsl with a I'ovta* 
enamel eontainiiiL; h ad o\idi-, and h it to stand in il lor a 
day a hrownish-lihtek stain ol h'ad siilpliidf will Ix' lound at. 
the plaer wlii-iv thr p.i', r.aii.- into roiilai-i willi the 

enamol, tin- small >[iiaiitii\ ol 'mlpiiui.1 F-d }i\dio;4en liliVrated 
from tin* liniiL; eai'al'l-* "1 niodi!\ mi; tic- Ii-m'I oxch- in tin* 
manner ilrsi’nlx-d .\i;ain wln ii wt-ah \in<-;^ai i.s hollo*! in 
a sitnilarl^j onanii lh-il l Im a linif, (In- *iiamel will 

lose its lustr.; an*! Ix'e**ni.' roii^ln wlnh an appi'-eiahle amount 
of lead will Ix- d. te* t.--I in "-dutioii m MlM■;^^ar 

Conse*jueutly as liM'l Is a \ ory poisitmius ni'*(!il, hiiyers id 
efiamelle.l utiyisils aiv p-af.rtly lustilio*! in lefusino ware 
coated with h-a*! iixnle (-naimd'' l**‘ss ol)|erti<m applifs to the, 
preseiict^ of h‘ad silicate as a const it y-nf ol tin; \ilreous matter 
of the cover eiiaim-l, h-a*i oxkI*- Ix-in;: h-ss iva<Iily, dissolve*! 
out of tliis comhinatioii 

It must thei'i’loi^* la* |■*•;^ar‘h■'l as a woh-oni'- a*lvanc'* in tlie 
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enamel industry that makers are for the most part discardin;; 
the use of hjad oxide both for ground and cover enamels. The 
.ware, tliough |)erhaps less handsome in apjiearance, is more 
kldifiiirent to the action of chemicals, and even weak acids 
can he boiled in vessels coated with leadle.ss enamels without 
ett'ecting much cori’osion. 

With regard to the snndting (jf the ma^s for cov(‘r enamel, 
this has heim sniiieicnitly discussed when tnaiting of the sanu^ 
o))eration in connection with groun<l emunel, the only diti'er- 
ence being that the- foi'iner ]'e(|uiri‘ to be I'e-melted more often 
in ordiir to get rid of all air bubbles. The rules alreaily given 
for correcting lll■fec•ts .also apply in the case of cover enamels, 
and may be amplified by ihe following : 

]f the mass when solidilied is not pure white but looks 
turbid ,ind milky, whilst it is so far transparent that black 
pencil lines can be sei n as grey streaks when viewed thi'ough 
a thin layer of tlie enamel, the content of covering material is 
insulbcii'ut and a small i|nanlily of tin oxide or bone ash 
mu.st be added to the pulverised mass before re-melting. 

When the enanii‘1 is deficient in lustre it may be rectified 
by substituting soda for part of the liorax. 

If the enamel “crazes," or becomes intersected with in¬ 
numerable line cracks shorlly after firing on the metal, it 
evidently contracts too much on cooling, llcmedy: Increa.se 
the proportion of ammonium carbonate The reason why this 
very volatile salt influences the durability of enamel is 
unknown. It is, however, certain that it |irevents crazing, 
and, conseipiently, ammonium carbonate is a substance em¬ 
ployed in all enamel works. 

Should the cover enamel fail to adhere properly to the 
ground layer an addition of magnesium sulphate will atibrd 
a remedy. 

Excessive Iluidity, and the conseipieiit insutficiont cohesion 
of the mass, can bi' corrected liy the aid of magnesia. 
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The recipes for cover enamels are far more numerous than 
those for ground masses. The manner in which the formula' 
should be’iiKxlified depends in either case on the purpose for 
which the pro<hict is intended. 

» 

. Rki'II’ES for CoVEIi Knamki.s 

The i-eeipi'S givefi lielow have proved thoronghly reliahle 
in |)raetice. 

LeaiUess ('ovi'r Enamel for (\>okinif fJlrn^iE. 


Flint meal .'IT'.'i partn. 

Homx 27.0 .. 

Tin (aide U) 

Soda . 1.0 

Saltpetre ID 

Ammonium earlioiiiUe 7 .0 

Magnesia 7 

fused and ^^noiuid willi 

Flint meal D‘12 .. 

Tin oxide 

Soda 0 70 [lart 

Magnesia 0-70 ,, 


•In nearly all onauii-i works it is ciisUuMary lo ston; thn 
maas, when ;^a*ound. in a moist state, in suit.ihlo dnuns or eankH 
witJi close-littin;,^ lids 

I 

Plurninfcrous ('(u.nr Emnirl N<> 1 . 


Siliea • 7.') parts 

Borax 1*^ 

Tin oxide 
^Whito lead 

Soda .. 

Saltpetre ‘■^1 .. 

Auimoum/n carlipuate . Ifi ,, 

Magnesia S* 


faseii together and ground with— 

12-G 


Flint meal 
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Pliimhiferons Cover Enamel No 2. 


Flint meal 

H8 parts. 

Borax 

5/) 

Tin nxirlo 

55 .. 

White loofl 

15 .. 

Hod a 

25 „ 

Arnmoiiiiiin carl) ni-irt- 

15 „ 

Salljtotre 

22-5 „ 

MaKtifHia 

12-5 .. 


I'lisod tot'fithpi- ami witji 12 tcj 20 partx of Hint meal 

aecordiii^' to tlu; ile;,o’tM; of fiisifljility r(‘i|uii’eil. 


FiNpnr C'lrrr .Vaso’s 



1 

II 

IM. 

I\. 

\ 

\I 

Ml. 

VI11 

Felspar 

10 

27 

40 

M) 

20 

(0 

S7-5 

40 

Borax 

'U 

'2H 

2H 

20 

20 

25 

40 

85 

Tin oxhIp 

15 

20 

8 

11 

i:( 

20 

25 

2r> 

Saltpotre 

f> 


I 5 

5 

1 5 

U 

15 

8 

Amraonuim ('urlt'umtt' 

■ •) 

1 





_ 

_ 

MogneHium "ulpliati* 


11 





_ 

_ 

^tagnoKIa 

- 

H 


5 

- 

7 5 

7-5 

5 

('lay 


2 



_ 

,5 

10 

_ 

Soda 



10 

7 

12 

IS 

20 

18 

Flint meal 


10 



15 

10 

25 

__ 


The I'oicaoin;; IVK|nitlii(; cover cimmcK exhibit tbe advan- 
laee'of beiiie fre(‘ from any inaalnlirions iii.iterials and of 
lieiTie ready for use, without any fnriliei' addition when 
around Shonid any of tlieni prove too lefractory, this d(!fect 
can ('asily lie remedied by nddinaa little borax in the arindina'. 
When any other inconvenience is experienced the means 
already specilied will lie found suitabh' to correct the pro¬ 
perties of the mass in the direction desired 

t'errr contiiinino illow aivt 

Formerly little disposition was evinced in the lirection of 
usiufi jjround |Hircelain or alass in com|)onndina covit enamels, 
the proilncts usually beina insullicieiitly adherent or “too 
ixior". Howi'ver, since the discovery tltat tlio pro()crtic.s of 
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enamel could lx* Dio<litie(l by addin*; other nmterialN in ;;rind- 
in" or re-meltini; the muss, j;laxs and jxircelain have attaineii 
consiiterilble value as adjuncts, pnreelain, in |iarticnlar, boine • 
highly jirized on aceonnt o! its ri'sistane** to clieinical agencies.* 
A few recipes foi' niasses eontaiidng eroumi porcelain and 
glass ai'e given below. 

(\>rcy t'(iiitiiinin'i O'/as.s tti Porci-lavi 


Flint itUMil p'lrl■ 

Pnn flam 

Borax . * 

'I’m -*<• 

White lead .. 

Soda *’* 

SjiltjM'tre . II.. 

\minonium i urboiiati ‘ •* •• 

Maj^ne^ia 

with 

l’'lint meal '' 

Till oxide ’ 

Soda " ' ‘ I'*'*"' 

MaKiHMa •’ 

• If tile mass aplienis I.MI ..Jt.tlo^relll llMlIsIlKTIll ) ;ul<i 10 
to 15 parts oj’ tin oxhle 

11 


Stlira 

I'owtJert'd gla*-' 
Bom\ 

Ti! 1 oxide 
WMute lead 
Sofia 
Salijx'tre 
'lla^rK -la 
Flint moal 

ground with — 
Tm oxidf 
Soda 
Maune-ia 


Jii purl'' 

•31 

in 

lo .. 


\ 

1 jtarf. 
1 



184 


THK I'HKPAIUTION OF TECHNICAL ENAMELS 


Otliei- iTci|)os, with a variety of combinations, are known, 
a few of which, furnishing really good results, are subjoined 





III 

I\ 

V* \I. VII 

•Flint meal 



20 

20 

IH 22 20 

GlaHH . 



20 

20 

IH 22 20 

Forcclain 



_ 

_ 

„ _ _ 

llorax. 



22-6 

40 . 

20 .10-6 20 

Tin oxide 



20 

20 

10-6 '22 20' 

Hoda . 



6 ' 

_ 

— S-6 2 

Potash 



_ 

_ 

0-6 — — 

Wliitc lead 



__ 

_ 

— _ _ 

Saltpetre 



10 

11-6 

0 10-6 10 

Chalk 





— — 5 

Load oxide 



r, 



^fag^OHla 



6 

7-6 

6-5 5 6 

Clay . 




4 

2-6 - - 

Tlu' following; 

uclditioiiM arc 

llliuiu 

in griniling: 

— 

lu 

[ii 

1\ 

\- 

.anil M 

Ml 

J' lint meal 10 por cvut.t IS per lenf 

I H per cent. :5-6 parts. 

llorax 'J 





S-6 „ 

MagnoHia f) 

.V: 

>5 

1 -s 


0-H part. 

Boric acid 

1*.' 





Hoda . . 

— 


1-0 


0-S .. 

Porcelain — 



- 


S-6 parts. 


Mil 

IX 

X 

\l 

MI. Xllt 

Flint moal . 


26 


_ 

— _ 

(Uaa^. 

il.') 

26 

11 

10-6 

„ _ 

Porcelain 



11 

0 

87-6 87'6 

Borax 

su-r. 

M 

IH 

i:P6 

20-6 22-5 

Tin oxido 

. 20-20 

261 

12 

0 

’20 22-5 

Soda . 

2-5 

4 


__ 

7-5 10 

Potash 


- 

_ 


_ _ 

Whito lead 

— 

— 


_ 

— _ 

Saltpotro 
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12-6 


4-6 

7-6 10 

Chalk 

0-26 

0-26 

_ 


_ _ 

iicad oxide 

. _ 

_ 

_ 


_ _ , 

Magnosiiim sulphate 

— 

_ 

_ 

1-5 

5 16 

Magnesia 

0-26 

6-25 

4 

.S 

12-5 12-5 

Clay 



— 


—' _ 

Aininoniuni carlx)nate 



_ 

1-5 

— 5 


•Theso aro particularly auitablo (or cuamclliug cooking uten>ils. 
t l‘er 100 parts of fusad mans taken. • 
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iar> 

Adilitions on ^rindin^^:- 

Mil l\ 

\ XI 

XII 

\n 

Flint ineiH 

1 r. 10 

a-s ;H) 

:ii 


Porcelain. 

110 

— 

_ 

* 

Borax 

1 5 10 7 

a 


__ * 

Soda • 

O'l 

1 

_ 


Magnesia ^ 

■2 ■> 1 :> 

1 


a 

Auunonmm cafbonatc 

1 

.. 

4 


Tin oxide 


Ill 

17 T) 

11 75 


TIjo loro^oin;:^ ivcijx's wfll svillicf lui possihU* niHo. 

IV) iiKulify any current Inrnnila Tor a sj);‘(Mal j>ur|n>se is in 
most crises incn^ly a mattt'r <>t’ cliaui,nn;^^ the jn-ojinrlions of 
one or other of the ini,fre<li(ait'', ln-arini^" in miml (In* fnilowin^ 
Considerations;— 

1 . Reduein;^ (he amount of horax <li‘ereas»‘H (he l'nsil>ility 
of tlu* <*namel and i /> »• re/ su 

2. Increasinj,^ tlie pmportion of )mh^ik lowers (he power of 
resistin;^ corrosion 

d. An a<ldition to the per<‘enta;;e of tin oxide increascH 
the opacity and whiteness of the mass, hut diminishes its 
ilurahility. 

4. Tin* use of h‘ad oxiile ;;reatly increases (lie corrosil>ility 
of thi* enamel, and for this reason plumhiferous enamel^^should 
never 1 m; em])lo\'ed for cookiii;,^ utensils 

5. White leail or potasli softens tin* mass, whilst soda 
heightens its lustre. * 

Tin; most imj>ortahl technical use lor enamels is for tlm 
coatin;,^ of cookin;,^ utensils and l*oiler tulx's, in lioth casoH 
le-HH stres.s is hjid on refractory character than on hardncHH — 
4 tnd, for cix)kin^' utensiU, lustre (yonseipieutly, addi¬ 

tions of lead prei)arations are i^n-iierally avoided, nor is a 
certain Jiniit ,<*.\ceede<l tor tin oxide, even tliou^li tfn; colour 
comes out somewhat translucent instead ol punr white like 
porcelain. 

Althouj^h lx)n« ash is [»rocurahle at very low rates this 
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material does not, as yet, occupy tlie po.sition it deserves in 
the enamel industry—the chief reason for which is apparently 
that, even when used in laree ijuantity, it never [irodnees so 
wliite an enamel as tin oxide, the colour havini,^ always a 
hluiHh-i;rey tiijf^e 



will 

rUHrAKIXd 'I’lil', \I!TI('I,I> I'OI! KN\Mi;i,I.IN(i. 

e 

Eiiiinu'lli'il mlii'li"' liii li'clmii’.il |nii |iiiji - I'dii'-i'-l cillirr ol 

iix)n WiU’*‘ or wmu^lil imn) or. Ir^s In'i|iiriit I \. ol ro|f|n'r 

or brass ut<-iisils . airl in onlri to niablr llir oiinni.l manirl to 
adlirrc to tin- iiiclal .iinl |iii'\riii it rlu|i|itii;; otl', Ilf littrr 
liiLH to Ik* |n'i‘|iarril I*i'l{itoliaiKl b\ .1 s|m'i*i.iI 1 1 rat iim'IiI 

'I'liis is a vi*r\ iiii]ioilanl iii.illi'i', shut iI iIk* o|ii'i'alion is 
not ojirrl’itlh' |K'rloi turd, l•\^ll tin* b^*st.nrid'* I'liaiMi'l limy 
<‘lli|) oil in *t \ ri‘\ slioit Iniit I oji|K‘i ai I irlos ai'■ iinirli rasin 

to lirr|iari* than lliosc niadr ol' iron, ami it m mo*.. 

lor tin* first-iiaiifd im-tal In b<* ina*!** [>**itri'lly briolit Ijy 

dipiiiiio ill .1 pirklnii; balli (*liliilr arrl), sir. tin* . iiaiifl can 

111* a|i|)lird .lirrri, |iroM.I.*l lln* ailirl.s .n** ir.l yirasyoii llic 

Mirl'acr ' 

I'lf |)t'riiliai bi o\uiis| I - M * I loloin ■_;''iii*i ,illy rvbibitrd by 
coii))i*r wall* I' 'In** to a linn lifi .it .ii|.rons osidr, and 
•wbcii niaiifl is Ins* .I ofi surb a sin la. *■ it a.lbrn-s siioii^dy 
t.lioi I* on coolino Ibis m o\\ iny to tb.* b.!ia\i'an ol tl'i’iirnl 

siil)stanr.*s (born* a.*i.l ami sihri) in ... mass, tbcsc 

Itciny in siitlirii*nt .|nanliiy n. r.iiiibim* «iib a r.■rtanl amount. 
o\i.li*.s onjiisiny. s.. that v^ll.■n .tiani.l is im*ll.*.l on an 

unciraif.l snHar.* ..I ...l.l. i tb.* ni|.. ..\i.i.* is ,liss.,h..l by 

the mass, wbi/'li lb .*11 a.llfi.'s lirndy t.i (In* im tal 

ir a pirc* .d' l■.l|l|..■l. .■..\.*i.*.l l.ir install.■.* ^willi ubili* 
.■naiifl. lie .■vamin.*.l b\ s,ra|iiny ..II' tin* .•nani.*l la,\ .-r. it will 
lie rouml tbat tin* siratum n.*ai. sl tin* im tal is ol a yrrcnisb 
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or reddish colour, due to the dissolviu^^ of the layer of oxide 
at the surface of the metal. If this oxide layer contained^ 
^imich eupi'ic oxide, th(^ adjacent enamel will appear bluiah- 
jfi'eeii, whilst if childly en|irou.s oxide the colour will he of a 
reddish east In order to ohtain a pure white coatino of 
enami’l under the.se rircunistanee.s, the cover enamel must 
contain sullicieiit tin oxide to completely mask the eround 
layer; otherwise the colour of the latter will show through 
and allect the shade of the superior layer. Thus, copper can 
he enamelled without havin;,' heeii pickled, provided the 
e.x|»‘nse of preparing such a ciiver enamel is not considered 
too hieli 

The conditions are, howewr, totally dilferent when the 
emnnellino of ij-on is in ipiestion. since that metal is never 
chemically pure hut is always condiined with other stihstances, 
Kor iTistance, cast inei may he regarded as Iron containing 
variahle iptaidities of iron carhide, iron silicate, idc., iti solu¬ 
tion, and also ernhnlded crystals of carhon (eraphitef In cast 
iroti also the outer layer or 'casting skin” must he dis- 
titiotlished frotn the intiei' suhstance of the metal, exhihiting 
the aUive-named character, d'his outer skin consists of ferric 
oxide,'and id' particles of carhon derived from the mottid in 
which the metal was cast these moulds heitig dusteil over 
inside with charcoal powder, hefore use. Small crystals of 
graphite also separate oitt iti the extertial layer of the iron 
during ciHiling 

Kxperience shows that only certain kinds of iron can he 
etminelled with ease, this pio|ierty depending'on the method 
pursued in making the east iron, kor examph', icon that its 
drawn otf from the hlast furnace whilst still in an extrepiely 
hot (molten) condition, cools rapidly in the moulds atid then 
forms the so-called “white" iron, which is distitiguished hv 
its steel-grey colour, great hanitiess, and hy containing, in a 
very linely-divided state, all the carhon originally di.ssolvcsl in 
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the uietrtl On iron of this kiuil <‘iiaiin'is hold with jjreat 
^ tonncity, iind tliiM-.'fort' it nus roniii'i-ly tlic practici’ t<i si'lwt, 
articlestiiift'lr ti'oni tin's iron, or ;it l<‘jist rxiiiiiitiii^ u " wliito 
iron " snrfiier, for rnmiK'liino, , 

If, on the othei’ liiiiitl, tlio iron is not pmtirularlv hot' 
when it leaves the hla^t tnrnaei\ ainl is eooleil down gradually 
in the moulds, a eonsidt'rahh* portion ol tie* ilissi>l\»‘*l earlmn 
crystallises out on the surlae«‘ in the torni ol ;j^raphile, and 
such “ ^o-ey ” iron^is ilitlieufl (o enamel 

Certain ohjeetions, however. <‘xist at,nuiist the ns<* of whiti* 
iron for utensils, ohiidly on acoount of tie* e\tn*nie hardiness 
and brittleness ol this form of the metal, in iHniseijneiicc 
ol which they ar<* very easily I'raeked or broken under the 
intlueiuM* of shock It thi*rel'ore becomes neeessarv to make 
such utensils of iron that exhibits intmineiliate properties 
l>etw(*en the white and ;^oe\ kinds, ay ohjei-t attiunahle liy 
special jireeantions dining eastin;;. the iron lnon:' run, at a 
moderate heat, into perfeetly ('•)li| monlds. iheell'tet of which 
is to cool the surface of the nn-tal very ijuiekly so that this 
layer assinm-s the lorni of “white" iron, whilst tie* internal 
jnasH cools down more ; 4 'radnally into the eondition (d “ ;;rey ’’ 
iron. • 

The tliri’ereiK'e ma\ la* noticed on exannnino under a 
ma^nifyin;; j^dass a hiokeii piece of snine utensil (hat has 
lieen prcsluced by eastin;.^ in (In* ahose-named manner 

Kx|M*rien<.^‘ has shown that iron pro<iu<‘ed by smeltin;; with 
c<»ke is less suitable for enamcllin;,^ than wlien w<H»d cliarcoal 
has been us»sU In view of the imjxirtance of this matter tln^ 
^nannfacluret; of enamelled iron ware should tln-refore always 
eiidyavonr to pnxaire the utensils he has U) enamel Iroiii iron- 
fonmiers w'h<» employ iron jiossessin;^ the alw)\e-mentioned 
(piaiities. ^ 

Apart from the projs'rtles of the iron used, the ino'le ol 
casting tin* ware* is aKo ol im|H)rtance. The walls of tint 
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iitciisilN slioiild be thin and of as uniform thickness as is 
possilili!; and the wari' should he carefully examined, all. 
^pieces exliibitini' air bubbles, pittinfjs. Haws, idc., beinff'rejected 
!m unsuitable. 

Ihd'ore (sinimenciiie to l■nanlel the ^'oods they must be 
subjected to a cunrse of mechanical preparation^ all projec¬ 
tions (fi'om the joints (jf the moulds, etc.) beine removed by 
means of a sharp file so as to leave a perfectly smooth and 
unifoini sin'face 

(h.UMMi TIIK Si UK o k ok tiik Wauk. 

.Articles widi a surface (jf white iron can be enamelle.d at 
once after the I'ore^oine mechanical prcparation--all that is 
necessary beino to scour the surface of the metal over with 
•sharp samlstone or pumice until peilVctlt bri{,dit If not 
enamelleci immi'diatel,'., they must bi‘ stoi'ed away from 
contact with iliist OI' moisture; but as iron of such perfect 
ipiality is rarely encouiilercil. and as .ill other kinds reipiire 
chemical treatment bi‘torc they arc lit for the enamcllcr it is 

usual to .. exception and to treat ail artii-les in the 

.same wav, I'l'. by pickliiiy 


I'icki.im; 

This operation consisis in dipping the ;.;ooil,s in a liipiid 
capable of dissolviii;; away any superlicial later of oxide and 
leiivino a perfectly briyhl surface of metal 

At present the older forms of pieklin;; material ivincear, 
steeped barley yo'ils, etc) aie tery rarely employed, Imvin^r 
been almost entirely supeisede<l by sulphuric acid AS 
already mentioned, the usual streiiylli o| acid pickle is I .jiart 
of commercial sulphuric aejd to 2(t to *22 part.s* ol \Otter, the 
time of i|iinicrsiou ilepeinline on the strength of pickle 
adopted. Thus, if the exposure is not to be more than ten or 
twelve hours, a stronger, moderately concehtrated, acid mast 
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Ih! list'd, liut ft)!' slilwci' wiii kiiit; 11 Wfiiki'r |ii('kli‘ is I'lnpltiyml. 
As a rulf till' Wiiri! slmiild imt n'linuii liiii;;i r iliati ln-i'iily-f'iiir 
hours in pick It; ^ 

When the picklin;; litHitH' lias limi |,.i a Inn^ linn'm luc 
mid has taken up a cel.uiveli lai^.- aiieniul nl iinu into 
solution, the result of leaving tin' yo,.ds iim luny in the hath 
is tliat the liipinr rnrni-, in pitsmis' ol ilia non, earlain in- 
soluhle basic salts w'hieh .elliaia tirnil\ as a snli pnwtler, 
to the metal and_ dalaat tiff' ol,|,.el ..I tin- |>|.Mrss Such 
“ ()v»‘r-))i(‘kh‘i| ’ willi sli.'irj)''uml 

ami pickh'i) aln'^h 

The N.it" tU'- iii.i'lf III liaiif wotxl. Imt 

as tlicv an* stiini .niil '•|»i>ilril li\ iln- .n i*! il lirconws 

ailvisahlf to N.irnisli tln in o\fi nisiili- .m<l tlu rt hy |ir'»li'<’t the 
wooil iVoiii contu' l \iilli ill'' ii'j'i'ii 

'I'lir tin lt‘iii|i' i.tiUM' 111 ih'i inrklr lln- ition- rapid 

iNaclioti. (•otiM'ijUi'iillv iIm' L:i-iirMll\ waniinf 

ti> do to h) I' iiii'l lit'' pii'klin^ lu'iiii 1'^ ki ]ti w.irrn to 
plvM'iit till' Ifitip'-ialiii'' ol ill. Ii.iM.ti ti-.Mi railm;; Tlie 
scouritij^ looiii |ui' cl.Miiiiii; til'' j'ii't\l‘''! w.ur ''hoiihl In* 
situatf'l in*\l lie- I'lrklin;^ imtiii .iii>l ’'IihuM ctiilaiii a rinsing 
vrssfl ami ,i I.Dili-i- 'll .m t-> poo id' .1 loiolaiil ^uppi\ of hot 
w.ilor 

Wll.'M sUirii'l.'lllI \ |.lrkl-'d, ill'' Ht' lOll'' .O'' t.lk*'n uUt of tin* 
halh, lins.'d in roM wal.'i ami tniiesl oi' i I'l iIm' secair'i', who 
seinhs them oi'i "Hh Hm' 'liaip samI i pivlm ahly ipiartz 
sand) until till' sniiar. n. I,r ,aiani''lk .1 is pm Irel li hriolil In 
laro,'works, »impl<' im i liann-al appliane's whii-h pm form the 
• hulk of tle'jWoik of sroiiniii;, in a \m-y shoit lime, may he 
advantaoeoiisK I'soilcl t'l, tin- lin.il si,i^r,.s I,miie always done 
hv haiwl lahwui The ne\i ste|i_is in rlns,- ihi' mmds, in order 
to remine e\'r\ pailn-l'' "I adlim'iil saml, allei^ whieh they 
are dried in a sp, la.il mannm, namely hi dipping them in 
hot water Ini- a'l' W s,.,'nnds and lle-n i-xposni;,' them to the 
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ilif, wlioreupon the thin .stratum of (nearly Iwilinf;) water is 
iinmeiliately eva|K)raU;il hy the heat of the metal. 

, When dry, the ;;oo(ls an; (|iiit<! ready for enamelling, and 
sltonld, prid'crahly, he liandeil over at once to the workman 
entru.sted with that task. If this is inconvenient they mast 
h<t stored out of contact with ihist. Attemids have Ixam made 
to store till* pickhsl and rinsed ware unde]' watei', hut whi'ii 
wi'll wati'r Is used it is found that thi' hright surlace very soon 
tai'nishes ami heeoim's eovensl with a yi'llow sisliment. This 
is due to till' prese]]]]ii] well wati'i', of Ciirhoii dio.viile. which 
eorrish* ii'on , the fj'i'i' o.xygi'U, also iiiviiriahly pi'esi'iit, con¬ 
verts the dissolveil ferrous o\id]' into lenic (J.\ide, which is 
thereti|ion deposited ]is lirmly ailherent rust—\ei'y ditlicitlt to 
ri'inove. 

Tlu' hi'st plan to inlopt. in ]]ll instances is to arrangi' th<‘ 
various o|ii'r']it nuis iji .'he w.iiks, so that the gooils when 
pickled anil .h-iisl e.-iu he imimsli.-itely h]tn.led o\er to 
the enamellers 



Xl\ 

\I>I>I,YIN(; ;i’llM I'A'AMKI, 

'Pile vvoi'k 1)1' l■llallll■lllll;; is.iluav-i iliviiiVd miId I'diii' iipi-ni- 

tii)iis. iiiiriii'K. .il'plthe ..alines dI’ (erimii'l aiul ciivei') 

(‘iiaiiH'l ami liriiij; llie saiin’ In Ilieiiisi Kis Ihese lasks are 
all Very simple ami ap|iareMtly easy locally mil In reality, 
however, their perrmiiiarn'e reipiires ihe ael ol skilleil anil 
experieneeil workiiieii , olheiavise a lai'oe pei-eenlaee 111 ile- 
I'eetive pieces will he pioilueeil 1111111*1111 nmier the most 
I'avoiirahle circiimstames. to work up a)tecwai iK into ware 
of eooil a])])earaiice 

\|||>i.\ iM. nil liuiii.Mi Kwmi.i, 

■ The masses for eioiiiiil enamel aie eenei.illy sloreil thiliip, 
when erouml, ami in this eomhiion usually have the consist¬ 
ency ol thick honey or somelmies that ot soil cheese 
• To im]iarl the necessiAy Ihmiily to the mass a portion is 
taken up in a l.nlle ol enamelleil iron, out of the .storajre 
vessel, ami jmiireil into a pan win-re it is reiluceil, hy the 
aihlition of water, to a thick cream which must Isi stirreil 
^itil jierl'cctlv lioiBotteneoas ami I'n-e from lumps or excessive 
thinne.ss in pfliees. The liest way to attain this eml is by 
aihlihe the water in small ijiiaiitities ami stirriiie it in con¬ 
tinuously 

The ware to Is; enaiiielleil is heateil in a ilryiu{( oven to 
about -itT C, so tljat the pieces aiii still he handleil without 
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inconvenience; tliis warming-up ie necessary to facilitate the 
adhesion of the enamel mass. 

j The enamel is applied in the following simple manner; 
The workman takes the warmed utensil from the oven and 
lays it on an adjacent table; he then stirs the enamel mass 
up well, dips a still' brush into it, ami, by ujeans of a ladle, 
takes out of the pan and pours into the utensil as much of the 
dilute mass as he thinks will about sulfic(i to form a coating. 
Hy means of the brush this is tiieii distributed over the inner 
surface of the article, uniformity of distribution being facili¬ 
tated by tapping the piece with a wooden mallet. Finally 
the piece is laid, mouth downwanis, on a cou|)le of horizontal 
supports, placed over the enamel pan or over another vessel to 
catch the drippings, (jr e.xci'ss of enamel. 

Highly-skilled cTiamellers dispense with this last operation 
altogether, long practice enabling them to judge precisely the 
iluaiitity of mass reipiired to coat a utensil of given size, so 
that no e.vee.ss remains lo be ilrained oil'. 

When draini'd, the piece is .set on the table and the 
enamel carefully wiped away from all parts that are not 
intended lo be eoateil ; after- which it i.s imrnciliately traiis- 
fernrd to the di-ying i-oom. 

The drying ai-i’angemerits in enamel woi'ks ai'c generally 
very rlcfi'Ctivc, but little of the heat, from tin- drying ovens 
being utilised. A very useful plan is to lit up the drying 
room with racks, which can be i-aised by ilegi'ces nearly up 
to the ceiling—till- fi-eshly enanndbal pieces bi-iiig placeil on 
the rack in its lowest position, and afterwai-ds gradually lifted 
to enable the ware to iliy I’apidly and eipially. Only when ie 
is certaiir that thi‘ mass is perfectly ih'y is the i-ack transferred 
to the ilryiiig oven, which is lieaU'd to nearly re.l heat in order 
to ox()el the final tnrees of rnoistiin’ fiinn the mass. 

Uniformity in drying is of .s|)ccial moment in en.suring the 
Hucce.s.s of the entire opei-ation, since if the ware is put in a 
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hot place before bein^ perfectly dry, the eiiaiiiel easily acparatcs 
from the metal, and the ware will need re-touchin;; to produce 
a proper tcoating. 

<)uly after tlu* ware has stood for some time on the nearly; 
red-hot plate of the diyin;; oven will the powder have Imcome 
so ailherent^to the metal as to re(|uire the exertiiai of some 
force to scrape it off hy means of the lineer nail. and when 
this stage is reacheii the ware is ready to !»• tired 


10 
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Firin;^^ coiisistn it) tlf roati-il ware sufficiently to 

pro'luce iiicipictit I'lision nf ttir ;^o'aiiuli‘s 'll' th*- (‘iiainel mass, 
without, h()wr\er, causiuo- tliciti to niti to^retlu-r into a per- 
IVctly uiiifoj'm mass , so that lla- process is really mon- oin* of 
sinteriii;; than (riif Iusmu 

The i^rouml mass may he tin 'i oii to the ware hy suspeial- 
in;; the latha ovn a'hii;;ht tile of woo«[. charcoal or coke, 
lllllil tltr liecrssar\ ih'i^lrr of h'Mt Is altaillnl Thrsc fuels 
an*, howi-\ri. altneh'd with tin- <iis.i(Kaiita;^"e ol ;,uvin^r ofi' 
particles of fl)in;i ash, which .11 r carrii'd aloti^^ hy tlm o’asi^s. 
the redueiii;,^ aetioii ot ih*' i,Ms aNo corrodin;^^ tlm enaiiK'l mass. 
CoiisisjUently. to oh\Mir tlirsr nicouvriiicnccs. the tiring" of 
the ware is alwa\s prrfonm-d in miilfh- luriiaces 

'riti: Mi’Fiif Ft’KN'V'i; 

FIh‘ construction of these furn.icrs is vny simple. They 
consist ol an or<linarv furnace tilted with prismatic ve.ssids 
tmuffles) of tin'cla\. which are en\eloped hy the flame, the 
hirnace itself is connectedi to a chimney able to produce 
a stron^^ drau;.dit, and is capable of furnishiuj.,^ very high 
tempi'ratures 

The usual method of regulating the tire in the.e muffle 
furnaces is such (hat the Iront surface of the muffle is heated 
les.s strongly than the haek. the latter being brought to a 
strong red heat, wheivhv the enamelled WM*e caji be exposed 
(Hti) 
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to a liif;her or lower temperature’ at will. A mutHi' of the 
• umtal type met with in enamel workv is shown en Fie. 14. 

Herd O is the I'urnace'. M tin- mnttle. li the In arth, A the* 
ashpit, H the stokino hoh- tor introhmano tin' I'uel ;in(i I’ the 
])late for chareino ami emptMiie the mnllh's 

It will If I'iisily unch'istoo,! that mnllh s ,it .htl'erriit sizes 
will he reepiired in iiiaiiiellino woiks Net ei t li'lrss, it is 
ilesirahle, in order to pn'Veiit iinneeessaiy eonsiiniption of 
fuel, to use mutllessirdy jUst l.arm’ eiiouydi to eont.nn the ware 



Flo It. 

to he tireil.To pieveiii undiie eoohne ol the hot ,air in tha 
muffle, the front end is eloo,.,| hy a pl.ileol suiiahle dimetihions, 
provideil with a pei phoh-, i itler op.-n or eotered with mieo. 
The sjiace in ffont i4' tie muffle is aho pro\eled with a hot 
plate to acconnnoilate the pe ees ), |ore ,uel alter tirin;^. 

Refore eommeneine to eharye the muffle it must Is- raised 
to cherrv'-red Meat inside, tie- le.ir heniy then almost jiale red. 
The size of the muttle clepen Is oil the skill ol' the wirknian in 
eharj'eof the tirino, an e.^ipeneneed man heiny' able to look after 
tw.elve to fifteen small utensils in the mutih-at a time. Care 
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should he taken, when charffing the muffle, to arrange the 
pieces in sucli order tliat each of them can be moved about to- 
•a liotter or cooler position as recpiired. 

For shifting j)ieces fitted witli handles a simple fork is 
used, which engages with the lianilles when the ware is to be 
moved, whilst othi-r utinisils are handled with tongs of suitable 
shap(e 

Tin - ware is inserted first in,the cooler part of the muffle, 
and afterwards pusheil gradually onwanl to the hotter parts. 
Hat pieces, such as hasins, stew[ians, etc,, may be set upright 
on the bottom of the muffle, whereas taller articles, after the 
enannd (Ui tin- bottom is liised, must he laiil down sideways, 
and turned round so as to bring the enamel on the sides into 
a stati- of fusion 

Tln^ opeiation of tiring ground enamels should not take 
longer than twenty to twenty-li\e minutes at most, in a well- 
heated muffle If not properly tii'ed in this time, the enamel 
mass is evidently loo relractory, to remedy which ilefect a 
certain ipiantity ol calcined borax or boric acid can be mixed 
in with the diluted enamel by [irolonged stirring. If this does 
not produce the desireil result nothing else can he done hut to 
add borax to the mass and fu.se it over again 

In view of this possibility it is always advisable, before 
[ireparing a new hatch of ground i;'.iamel mass in large (pian- 
tity, to test it by making up a small trial hatch and testing 
■same in the muffle. 

•Vs a practical sign that the ground mass has been properly 
tired, the la-st indication is that it cannot he nibbed oH' by the 
fingers. When examined by a strong magnifiev. the edges of 
the individual particles .should appear rounded, in which event 
the mass has attained the re(pn.site ilegree of'liuidity, being 
" fritted" nnd not really fused 

If, on the other hand, the mass assumes the appearance of 
a smooth lustrous covering on the .surface of the ware, this is 
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an indication of exccs.siv(‘ fusilnlity. In this case the ^'ronnd 
mass forms, in itself, an enamel, and the tiiine of tlie cover 
enamel is then attended witli ditlieullies. 'riii-- defect may 
he correcteil hy an aildition of some refractory snhsianee, snclj 
as flint meal, porcelain jsherds or clay, all of which arc very 
serviceable. 

The temperature usually re(|uisite for tiling ^uound enamels 
.should not exceed pale red heat .and U o lait i.tiadv that, lor 
tirino extremely refractory nfisscs. the emplio meiit ol a white 
heat is entailed Articles eiiaimdled with, the laltm' kind of 
mass are natui’ally de.irei' than those co.iled with lusihle 
enamels, owino to the oreater outlay on tnel 

When laroe pieces ha\e to he tre.iled. or smdi as h.i\i been 
alreailv enamelled but .ire dam.iyed b\ lolly ns.iyi', a some- 
whift moditied method is pnrsueil t lid cookiny utensils, lioin 
which the (Miamel has chipped oil in places, must be hammered 
with a pointed hammer round the .lelecliM' parts to remove 
all loose pieces of enamel, ,iiid then exposed to sii.my heat to 

comiiletcly destroy all the .idlieivul bit ... niv.iriahly 

present The expose,1 porli.ms .,1' m.•t.ll ha\iiiy l,e,m scmirc.l 
briyht are then coate,1 ,iv, r w ith yciniid mass and liis’d in the 

mnttle as usii.il • 

To cnaiiiel lary,- jr.ls, b.,il,'rs ,.i.- limy must I,,’ lilhsl with 
pickliiiy li,|U,)r ami afl. rw.u Is sc,,uie,l briyhl, paint,■,! ovm- 
• with yrouml mass, ami lif,',l in laiy mullh s In all cas, s the 
enamel mu.st. hid'or,' liriiiy, 1 „' c.ir,■fully w ip,',l otfaiiy parts not 
intemh-,! to he cov,’r,',l I't. iisilsof sp.'cial shap,'. particularly 
those with wal.ls of irr,'ynlar thickm-ss, must b,. han,ll,’,l with 
.extreme carc^ in tin- firiny ami shoilhl !„■ li-lt in tin' muffle 
until it is peiTectly c-rtain that th,' m.iss is i,r,,perly fritted all 


over. 
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Gas -Muffles. 

The emphn'mi'iit of i,'as for heatiiij; is attemleif'with so 
r-iany ailvaiitiiL'i’s, ami otli'is sucli a ifroat savinjj of fuel, that 
it can he strongly riicommi'mleil for ali purposes where warmth 
is r(!i|uin'il 111 eiiaiiielliii;; works . 

■So-calli'il “ water eas" is tlie best form to use. It consists 
of carbon iiiono\i(ie and hydro;;en, ami furnishes such a high 
calorific ell’rel that the fiisine ol l■namels.by the aid of this 
fuel is a \ery rapid'process 

Gas is also of imot excellent service in heatin;; iiiuttle 
furnaces, as it enables the temperature of the imitlles to be 
regulated to a nicety, according to re(|iiirements, .V inutile 
furnace of this rieseription, tin' iineiitioii of tlm author, is 
represented ill big l.'i 

'rids finnaee eontains two superimposed miittles, E and V, 
of ei|Ual size, iii.i'l ' of strong' b liler plate 'riie iil)|ier liiutite, 
V, .serves I'mI' wariniiig up the ware, wdiilst the enamel is tired 
in The niutlles are enclosed in a thick easing of tire-bricks 
held togetlier b\ ilowels, .md the whole is iiiounteil on a strong 
iroti baseplate, a narrow space being lelt li'tween the nmllles 
atid the outer casing, (uis is supplied from the pipe, t;, to a 
horizontal pipe bent in the form of a on which Bunsen 
buriiors, 11 , 11 . are iiiounteil, at interMils of two inches, along the 
full length of the multte. By means of a central partition, IT, 
the rtame from the two rows of burners is deHected|right and 
left respectively. The burners are lighted through suitable 
lateral openings, 0 , which are then close<l liy means of earthen¬ 
ware plugs. 

The Hauies surrounding the muffle E on all sides heat.this 
white hot in a few minutes, and the gasivs esca])ing into the 
up)aer [lart ^of the furiiac " are still so hot that the muffle V is 
soon brought to red heat I'lie hot gases discharged through 
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S are conduct.'d away for drying' tlie products of the stainpin;; 
mills, etc. 



When the apparatus I'a.s been in work a short time, the 
utensils in V will have become so hot that a very brief .sojourn 
in E suffices to suitably fuse the enamel mass. 




XXI. 

APPLYINC AND PIKING THE COVER ENAMEL OR 
GLAZE 

When till' iileiiMils .'ire tiikeii nut i)l' tlic muffle in which the 
(frouinl eimniel Inis heen iil'eil nn, the uricnvel'eil parts o! the 
inetnl will he liiuml eoveri'il will) hhick. nr magnetic oxide of 
iron resulfino I'rnm the iictinn of nxyeen on the olowin}; 
metal. As this layer of nxiile easily falls nth and will colour 
any cover enamel it'’touehes, it must he carefully removed 
hid'ore the cnverino mass is applied This operation is heat 
cH'ected hy scruhhiiio with sted-wire hrushes, oi- sand-paper. 

The application of the diluted cover enamel mass is per- 
formeil in the sanii’ way as in the case of around enamel, the 
extent of dilutiiai haling lieeii lietermineil hy a ])reliminary 
experiment as the thinimr the layer the handsomer and more 
durahle the enamel The covering layer must, however, be 
thick enough to cover |iroperly . and'therefore, when the mass 
is rich in tin oxide, it can lie diluteil to a greater extent than 
otherwise feasible Bone ash has less coierino power than 
tin oxide, and conseiiuently a mass containino the former 
must not he thinned down so much as if the latter Ijody were 
present. When the use of very dilute coverhio masses is 
neces.sary, the ereedy absorption of the contained water by 
the porous oround layer entails oreat care in dryin;; the 
ware befoiv tirino; otherwise the esca|X' of steam from the 
ground enamel will produce defects in the upper layer. 

(152) 
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Much {{reatcr care on the part of the workmen is i-eipiired 
in firing cover enamel than in grounding, since tlie enamel 
must be.perfectly free from Imhhle.s, any pieces faulty in this 
respect having to he set aside ami touchccl up again. , 

The firing tem|)eraUne of the mntfle furnaces is lower 
when cover enamels are heing treated, these ma.sses heing of a 
more fusible character than grotnid enaim'ls. An accurate 

indication of the pro|)er degr.I hisit <'an he gained hy 

placing a small crttcihle, ct)nlannng a little brass, in the 
muffle, which will he hot enough lea- oyr present ptirjxtse 
when the brass fuses. Dwing t<i the lluidity of the cover 
mas.s and its consei|Uent liability to run down the sides of the 
utensils and make the coating uneipial, the aitieles in the 
muffle must he frc(|uently turned and laid on their sitles in 
orddr to facilitate uniformity of lusion 

As soon as the mass ajipears to ha\i^ liised completely, the 
ware is taken latt of tin- furnace, hut is pre\enled Irom cooling 
down too (|uickly or the en.iinel will era/,e through lack of 
time for uniform eiaitraetion lo prevent this, the liiiished 
ware is transIVrred to a iniittle fiirnae.’, keja at a gentle red 
heat, where the pieces are piled ii|i. aii<l the inutile is tinai closed 
and left to cool down gradiiall.v It is ad\is.ihle to »in|iloy 
for this purposi- a large inutile so that as many pieces as 
Iiossihle can he treated at a tune I'nder these eircumstaiiceH 
•the muffle need not he nfore than ino.lerately hot, the radiant 
heat from the large charge ol ware siitlieing to raise it to the 
right temperature. 

When cooli;d the ware is either blacked, iiickel-jilated, or 

,_is now most general—enamelled on the outside. I his 

latter operation is jieriorined in the satin’ iiiannei as helore, 
except Uiat commoner ground and cover masses, re,|uiring 
less heat in tiring, are employed. As coloured enamels (dark 
blue, coloured hy cohalt, or r.’d brown, hy ferric oxide) are 
mostly u.sed for this work, the ground mass is generally of low 
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quality, made from impure materials and showing a yellowish 
or reddish tinge of colour. 

If not enamelled on the outsiile, the ware is usually, blacked 
over to priivent the appearance being spoiled by rust; and, 
with t>'''‘ i.. un'tl. ter while 



xxri 

RBPAIRIXd I'lKl'KCTS IN KN\M i \V\I!K, 

• 

In jn’o'luoini; uaif mi a mmI«‘ it liap])«‘n, 

<ies})ito <‘V(‘i‘y (‘aiM\ that a (‘••Haiii iM-ici-iilaL^^i' <•!' tin- m-.hhIs an* 
iierfCtivf an<l tmlif tor sah* A shmf iptimi ul' tlicsr 
lictVcts will iH)W 1)<‘ i^i\ I'll 

So Ion::; th«‘ '•iiaiii''l mass |s still lui:, it is nt a liaml- 

80im\ V(‘llow ciil'mi', wliirh :;i\'-s placi- t" a whitr—that 
.shouhl b«‘ ])rrh*(.*tlv l)Ur<* -wIoMi the jimr*- cncils <|nwti. H, 
howfvrc, at this stam-. tin- '■iiatii*'! 'AhiHits an ii it ^^oilarity of 
HiU’fac**, witli hark, hull s|».‘(‘ks, u mhical'-s imjxao'i't tirin;^, 
anh tlmnhoii' th*' w,U'' shoiiM hr at mi(r rr|ila<''‘il in (In* 
hottest part of thr mufllr to mahlr it tn attain the nspiisite 
temperature 

* When the j_jo(»tls ha\i' hrrii n\rilirat''h in tin* iniitliy, the 
first iuhications of this hi-trct only makr their apjiearmice 
after the pieces are iphte e.ilil In sueh event the enamel 
shows up very thin ami Jilistereh in plaees , anh it not in- 
fre(|Uently happ<Mis tliat tin- enamel anh orounh mass fuse 
tOf:(ether, anh chip oil' s^ eom]»I'teiy as to leave the l)ri;(ht 
metal exp<)Heh hhis is hue e\ees,si\e eontractioii of the 
fusion-prohuct of the two ilia‘'''es, in constapience ol winch it 
tears away from the meUil in eoolin;; 

The only feasible way to rectify ware that lias been over- 
fireh is to chip’ort’all the heh-ctive enamel witli a sharp-ehired 
hammer, anh t<i coal anh tire the exjx.seh surface'unew with 
groiuiil anh covf.T enamel. As this is a vi;ry trouhh'soine 
'155; 
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process many makers are content to merely apply and fire a 
fresh layer of cover enamel on the damaged surfaces, and sell 
the goods as second-class ware. 

, Apart Iroin the i|Uestion of commercial morality several 
reasons may he mgeil against such a practice. P''or instance, 
the “ ontshots’’ or second ipiality goo'ls must always he sold 
at much lower prices than jierlect wai'c, although they really 
cost the maker more to produce. .Moreover, it cannot add to 
the credit ol any maker to he cohtinually otlei'ing large ijiian- 
tities ol .second-rate goods. tlonse(|UeMtly, endeavour shoukl 
always be ilirected to restricting the number of articles that 
rei(uire touching up, ami any that have to he made good 
should be dealt with in such an etii'ctive manner that the 
corrections cannot be detected 

I'or Ibis purpose it i,s important to emplov jirojjeidv taught 
workmen lor the lijsk ol tiring the ware, and these men 
should be ihorongbly widl aepuainted with the pro]ierties of 
the enamel masses generally use,I in the works. When new 
inas.scs are to he ,■nlpioyel|, (he ipialities of which are, as yet, 
undeterinineil, they shouhl he subjeete,! to an experimental 
tiring test made in presence ol the workman who will have to 
tin' the mass whim in use, sine,- Im will often he able, in 
watching the prognss ol' the operation, to iditain an idea of 
the hehaviour of the mass from its appearance while in a 
glowing state. 

t'ltEMK'At, K.XAMtX tTtllN of Plltftl En'AMEI.S. 

Ah already mentioncl, the value of an enamel mass for 
technical purjaises mainly ,lep<mils on its capacitv for resi.sting 
physical and chemical iiitluences. It is therel'orc imiKirtant 
that a maker shouM h,, in a position to apply simple tests to 
the enamel, with this obj,*ct, to enable him to recognise which 
enamels lullil the re,|uiremeiits e.xacted by them, and which 
do not. 
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The chief physical iiiliucnce to U' rosisteil is that due to 
■oxtreino tluctuatibus ot teiuporature, and lu this couiiection 
the enaiftel can he very easily testo.I l.y heatin^^ it tpiiekly , 
tollowed by rapid cooliiii;, tlie simjilt'st plan ln'iiiy t(* till tin* 
enamelled utensil with Vati'C, raising tins to huilino; p()int, 
.and then iipnirrsin^ the \essel in eoM water Tin' I'nainel 
tnass, alter this tes;t has been snvt'ral linn's rr]ii-at< d, should 
still exhibit its ori;,dnal eharaeti'risties without alt*-ratii>n. ami 
no cracks shouM bo \ isible. 

The chief chemieal intlumers to be n ststed aie acids ami 
alkalies, and tin- enamel ma\ b*‘ etaisnlei i d as sullieient Iv proof 
a^oiinst the fornn r if, when the I'liann-lled war-e has been tilh'd 
with i)oilin^^ viiieojir for ab(nit a ipiarter ol an hour, the ln|uid 
^ives no pn*ei[iitati‘ on subsiMpient exposine to a current of 
sulphuretted hydioi^oai Tin* abs*mie of such precipitate 
indicates that tin* enaiin-l has sullei tti no cijrrosion, tin* 
lustre should also remain unimpaired 

A very simple test lor tin- pres.■nee of lead in an enamel 
Consists in moistening'' a portion of the enamel witli stron;; 
nitric acid, to destroy the uppei- la\er After i insine the spot 
with wat(‘r a drop <if ammonium sulphide is allowed to fall 
on the place, whereu[»om in the absence of lead, no ehanj^e of 
colour will ensue, whereas, it lead b.- j.iesent, tin- sp<»t ori;;in- 
ally occujiied by tin* iiitije acid will immediatel\ darken and 
in a sin»rt tinn* turn .juite I.Ln-k. The opinnin has already 
been laid down that enamels j.n eookin;,^ utensils should hi*, 
free from lead, on account of tin- puis.iinjus properties of that 
metal, the dair^^n-rs of wbj<h .ir*- inteiisitied when the HUper- 
*ticial layer of»enatiiel has be. ome d.una;.0 (| m def.*ctive 
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ENAMI?LI;IN(! ARTICLI^S OF SHEET METAL. 

Since llie intrcMnction of niaeliinerv for rapiilly manufactur¬ 
ing articles from sheet metal hy hloeking, stanipiny, etc , nianv 
attempts ha\e heen maile to enanii'l the oikiiIs so proihicctl, 
since, hy is'astin of tiieir cheapness ami lightness, such articles 
umlouhtcilly hesi Inllil all the |■e(Hlirl•nlents expected of 
utensils. The niajorily of these attempts, ho\ve\er, ri’snited 
only in failure, tlm enamel either chi|iping olhthe sheet metal 
or hecomfng so ii regular u hen tireil, that many makers hegan 
to look n|«m success as imjiossihli- 

NeM'i'theless, thonyh it cannot he .lenied that the enamel¬ 
ling of sheet-niet.il «are is attemled nilh certain dillicultie-s, 
a glimpse of any ii'oiiiiionger's slock will show that these 
have 'Ih'cii satisfaclonlt o\eieonie, and that the trade in 
enamelled sheet-metal gomls is continually increasing, whilst 
inquiries for enamelled articles of cast iron are hecoming 
fewer. 

•As a matter of fact there is no fundamental ditlerence in 
the methods of enamelling these two classes of goods: all that 
is nece,s,sary to attain succe.ss in treating sheet metal being to 
rememher the dnergeiit properties of the two varieties of tlie 
metal, and proceed accordingly 

If a piece of cast iron and n iiiece of sheet iron oe etched 
with acid, pind the attacked spots examined under a fairly 
■strong magnifying glass, a great ditlerence hetween the 
behaviour of the two varieties of metal will la‘ evident at the 
tloHj 
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first ^'limpse. Cast iron is a Ixsly loniji'il by j^oaiilual ('(wilinj; 
from a rtui<l eoiK^ition , 'tlu* ^nmllrst pjtrticifs o( thr molten 
mas8 weye ahle to scttK- thein^.-lvf^ tVerly, ami crvstals were 
formed ; every cast iron exliiliits crystalline structure, as may 
readily he seen hy exiumnin^^ the sin-)'ace nf tractnre when a 
piece of this,iron is hrokm. 

On the other hand sheiu ir<ni, as is well kiinwn. is pro- 
ihiced hy the continuetl rollin;^ ol wiou;,dit iion or blocks of 
Bessemer steel, in nylU until*! shi-ei ol aii\ desire.! thickness 
is obtained In cousc.jueiiee of this I’oreihU mechanical tieat- 
ment, the structure ol the non im ste. h uuderi;o. s very con- 
siderahlt‘ alteration, the ori;^onal .miilai-er\st.ilhne striietun* 
heino converted into a tilaous eomliiion, that is to sa\-, in 
place of the tine cr\stals we imw find lono slrn.l.-i threads 

The smooth surf,i« e nt ea^t non max h.-i'-^ai d'-d as co\ ered 
with innumerable projectmii" < oi i. sp.e*din^ to the surlaces 
of the imlividu.d erx'-tab, wliei.as tli< surfae.- of dieet iron 
may be represented as eo\ .1 ed w n h ,1 t.m^le ..f slend. r tbreads. 
Xoxv it is evid<‘nt ihal, in the f..tiii'i ease moie numertais 
|K)ints of attaclnuellt aie piesenled to the eliatliel. wllich 
therefore holds more tirnilx th.iii to ihe tihrous surfae«‘ of 
sheet inm In ;iddition to this comes aiiothei- eonsideration. 
I'iZ., that dnrine s.tlidilh-at em t he smatl'-si p,ii t leles <.) east iron 
assume tlie positions .dlotted to them hx lie- i,ixv ol <TystallisH- 
‘tion of this metal, ami xvfieii the non is heated, they simply 
move asunder. returiniiL," t'» tln-n- (.n^nnal pla< e when cooled, 
always hchavin;t ■* unifoim manner Ib-nce provi^led 
the coellicient wf exjiansion of th'- ■•namel coatin^^ is in any 
*vay approxiiryite to tint ot east iron, there will he no <lan^er 
of the enamel eluppini^ oil 

In shec't iron (»n tin- contrary. th<- imlividual j)articleH of 
metal are never in the |M)siiion they wouhl havy assumed 
had they—like cast iron -l>*-en free to make their tjwn hcIc*c- 
tion , they are rather in a condition of mutual tension, the 
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extent of which is such that, as is well known, certain kinds 
of sheet metal cannot be roliwi out to less than a given thick 
, ness without cracking. 

• When sheid iron is heated, the fibres of which it is com¬ 
posed (expand more in a longitudinal direction than trans¬ 
versely. If, iKjw, such a shis't he imagined as,coated with 
enamel—which, being a fused mass, must exhibit uniformity 
of expansion in all ilirections—it will he evident that the 
cohesion betwemi tin' metal and enamid is by no means so 
intimate as that U'twis'ii enamel and cast iron , and it is only 
by special treatirmiit that .sheet iron can be enamelled in such 
a durable manner as east iron 

The whole seci'et of this treatment consists in an endeav- 
■ our to make the surface of the sheet iron as nearly as po.ssible 
like that of cast iron, .so as to present to the enamel an equal 
number of [mints of nlhesion as oll'ered by cast iron. 

Thi' pre|)aration (d' c.ist-iron goods by pickling, tiling, and 
scouring for enamelling has alrea<ly been described in the 
preceding section, and though when the articles are enamelled 
at once till' fin.il .scouring can be omitteil in this case, the 
conditions an; dilt'erent when sheet-iron ware is in question. 
Here scouring with tine hard sand is an important operation 
and one that requires care in its performance, since it con¬ 
tributes greatly to the durability of the enamel coating. 
This re.sult is due to the tiny furrows cut in the surface of 
the metal by the hard particles of sand (the medium fine 
meal Irom (|ucnched quartz may !«■ nseil in the absence ol 
suitable sand). By this means the fibres of iron ex|x>,sed by 
the pickling process are subdivided, and the #urfac<' of the 
metal is rendered more approximate to that exhibited by cast 
iron ; the enamel is therefore better able to adhere. 

The ei)amcl masses intended for use on sheet-iron ware 
must [ws-sess the highest cimfiicient of expansion possible for 
vitreous substances, and every maker should endeavour to 
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Ascertain by experiment the most suitaltle muss for the iron, 
with which lie has to .h*al. since tlie she.*t metul supplie l liy 
liitTei’eiit i.’ollinj^ mills (‘xhihits iliver^e'nt (le^i‘'‘es of expansion. 

Ihe reason tor tho necessity ol a hiich citetlicient of expun^ 
sion in enamels for sueli* ware is nut far to s,H*k, ami resiiles 
in the thiiuiess ot the shrrt iie‘tal em[)K>\eil 'I'he walls of 
sheet-iron ware sflilotn i‘\ee<'il ytli i>l an nieh in thickness 
whereas the thinnest utensils ol cast ii'un are twice or three 
times as thick t'onsc(|Ui‘nil^’ a shi-ct-n mi vrsscl. w hen )ieate<i, 
rapiilly becomes hot all tin* wav thr*aii^^h, aiet lhei cfori' '-xpaniis 
very pnickly, henc** il th*' enane-l is unabh' to follow tliis 
movement it nmst neei'ssaiily teai awa\ fiom tlw metal. 

To Counteract this incon\<-nmne<-—as ii must h.- re;^Mnl'Ml 
from the present point of \i.‘w—ol lapel eon<lne(ion of heat, 

, it is fcustomary to ••namel dm utensils on th.-oulsii|,> as well, 
the result of which treatim'iit -enamels, as \itieous ImkIics, 
bein*; had comluctairs of h«-at is \n pieveut tlm lajad heatin;^ 
through of the metak aiel th'-reh\ to a ei'rtain exl* nt jirotects 
the insiile enaimd fmm .lisruption. 

Sheet-iron ware ma\ he .IinkI*' 1 into two classc>< aceor'lin;.^ 
to tin; methods of m.inufaiMure adopo-'i, rv. , di*>se ma'le 
entindy out of a smell- pmee such as\. r\ Hal s(.-wpans*. ainl 
those wherein sevi-ral pii-c« s ai'- joined to^<-liier hy lappine or 
rivetin^^ 'I’hosi; o! tie- tiisi class ,.||. |-no special 'lilficiilty to 
the uniform fusion ol the"enaim f eoalin-. pio\ided tin- metal 
is of the same thiekims-, diionL;hmii . hut lap[ied or rivete*! 
articles are hardei- to deal wiih and oipnie \rjy skilful 
handlin;.,^ in onh-r (<i piodms- a ;.^eM)d class wan- h-i-e from a 
kii pcrCiMIta^n’ ol ollf-liolN 

Tills IS iliio to ihr cniiiiii't.inr.' that llio iiii’tal is mucli 
tliicki'i' at till'.la|i|Ms| or litit'-'l loiiits than aiiywlii'i'i' clsii, 
which thicker [piaccs rcniaiii hot iiiiiili loiiocr than the rest 
when taken out of thr iiiiirth', anil coiiscinii-iiily ihi' I'liaiin'l 
there is still tlnnl lU'ter the l■•lllaillller has heeonie soliil The 
11 
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result is that when the last [xirtions of enamel set hard, 
tensions arise between tlie particles, and fine cracks are 
formed; these usually radiate from the rivets and in length 
,exceed the diameter of the latter three- or four-fold. The 
same thing happens in the case of lapped joints, the cracks 
making their appearance on both sides of, and perpendicular 
to, the joint. 

It was owing to tin* occurrence of these inconveniences 
that tint production of p<'rfect ware of enaiiudled sheet iron 
was so retarded as L) be looked npijn for a long time as 
imiwssible. There are, however, two very eficctive means of 
reducing the formation of the aforesaid cracks to a practi¬ 
cally negligible minimum , the one consists in exerting the 
utmost care to make the euaimd coating as thin as possible, 
whilst the si'coiid is to ensure very |irotracted and uniform 
cooling ilowii on the„removal of the ware from the uiutflc. 

It will be readily understood that a very thin coating of 
etmiiiel will he the bettiu' able to follow the exjiansion and 
contraction of (he underlying metal the slower the cooling 
liroeess is carried out, since in the latter case the vitreous 
coating ac(|uires a comp,irati\i iy high degree of elasticity, and 
consei|tieiitly is enabled to better with.stand rafiiil changes of 
temperature. 

Moreover, it must not he forgotli-n that the durability of 
the enamel is always greatly increased when the cooling 
process is conducted gradually, the so-called " toughened gla.ss " 
(vene licm/i<), which is so resistant that it does not crack 
when molten lead is poured into a cohl vessid made of the 
material in ([Uestion, is prepared by sim|ily coyling the glast, 
ware very slowly indeeil. 

Prom the explanation given above, the intelligent manu¬ 
facturer, who does not shirk the tnmble of instructing his 
workmen thoroughly, will find no dilficulty in producing fault¬ 
less enamelled sheet-iron ware. Purthernnrre, since in many 
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works the iron ware is l)oth maiuifaetun-d and enaiiudled it is 
easy tQ make the ware in sneh ii niamu-r as to rcdnee the 
difficulties of enamelling to a iiiniiiimm 

For this Jiurpose the tliickne--s of the metal should W‘ 
reduced, as far as ennsastent with salety, at the plai'es where 
two layers ,have to overlaji, i r . at the |oiiits, so that the total 
thickness at the joint does not oieatl\ e\ei’e<l that of the 
sin};le layer of metal elsew hi-re 

For readily atipreeiahle* reasons <inlx flat le a'led rivets 
should he used, tind tin' he.nls should he thinned down to the 
lowest possible dimensions 

The irround enamels shoiihl he ol fanl\ n fraetory char¬ 
acter, tho.se rich in felspar heme the hes| tor use on sheet iron ; 
and for these no I'xlremely hiyli tiiimne leiiiperature is 
required, all that is neces-.iiy to attain heme a loinlition of 
frittine or sinterine of the mass, m wlo/'li state the individual 
particles, while adlieriiie tiimls to tin- iiiet.il, piesent a com¬ 
paratively roueli surface which luses to .1 houioerin'ous wdiole 
with the suhseipientl\ a|i]ihed 1 'A 1 r enamel 

The latter mav he also s,,inewhil leliactoiv and must he 
apiilied with extreme 1 are m older to keeji the entire coating' 
as thin as possihle. Ill course, m view ot this essential 
condition, it is alinosi iiiqiossihh to ohtam an ahsolutely 
opaque enamel coverme , and, moreover, experience has 
'shown that enamels ol sm-h low covermy power that the 
colour remains hliiish or ere\, aie lar sti|ieiioi m poiiit of 
durability to those wherehv the eioiind enamel is carefully 
concealed, tliu employment ol the '|uantity ol tin oxide 
• necessary to ,secure this lattei- lesult di>creasmo the coefficient 
of expansion. 

The■firino.of around and cover enamels on sheet-iron ware 
necessitates ereat skill and should Im; carried out as tpiickly as 
possible. The best plan is to heat up the miiffie for tiring the 
ground enamel to strong white heat, and to introduce the 
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ware in a red-hot condition. VV'ith this object a second muffle, 
kept only at a red heat, is provided near -the actual firing; 
muffle, and serves to warm up the ware. The course of the 
opei’ation is then a.s follows :— 

The workman charges the heatiisg-up muffle with a num- 
her of pieces of ware, in such a manner that any,piece can be 
easily taken out and n-placed in its original position. When 
a pieci! has attained to ilark red heat it is quickly transferred 
to the. tiring muffle, where the fritting of the mass is rapidly 
•ffl'ected, since the ware only needs a very little extra heat for 
this result to ensme ami the operation will be complete in a 
few minutes I'lie pii'ce is (hen returned to the heating-up 
muffle and its place taken by another. As this last-named 
muffle does not require to be heated very strongly it may be 
of large diniensi(]ns, and litted with racks oi- shelves in order 
to utilise the whole of the inti-rual spact* When a number of 
pieces hilve been coite<l with ground imatnel and fire<l as 
dt‘.scrib(‘d. they ttiay be lelt to cool slowly in the heating-up 
muffle or transferred to a moderately hot cooling (annealing) 
oven for this purpo.se The heat radiated by the ware will 
suftlce to hejit up this owm to tin* requisite teinpertiture. aigl 
the cobling process will go on with the neces.sarv slownes.s. 

The next stiige is the application and tiring of the cover 
enatnel, This is ellected in the orditiary manner and the 
tiring and cooling are carried out in the hot muffle and cooling 
oven respectively. As the muffle is ki-pt at a very high tem¬ 
perature, whih' till' cover mass is not difficult to fuse, three to 
five minutes are generally sutticieiit to compli'te the tiring. 

II left too long in the hot muffli.' the fused, cover enamel 
becomes very Iluid and runs down from the side.s of the,ware 
to accumulate at the bottom. The result is that the walls, 
being only thinly covered with enamel, look grey, whilst the 
bottoni shows up pure white where the enamel has gathered 
in thicker patches, and it is here that, by reason of the extra 
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thickness, that the enamel exhibits the jji'eatest tendency to 
,chip oftj 

To improve the. appearance and clnrabdity of tin- ware it is 
jjenerally enamelled outsid<‘ as well as in, but with less refrac; 
tory masses, and coloured either bhie (with eob.illinr brownish 
red (with ferric aluminate) For tlw reasons a Ire,idy oiveii, the 
outside coatino should he as thin ,is possiljle, thouyh naturally 
oreater cari^ is hi^stowe 1 on the finish <il tlie insidi' 

By followino the instrueflons alreadi eiven, any manulac- 
turer will he able, after ,i little .■xiicTimjaitiny, to iiroiluee 
highly uniform and durable enamelled sheet-ii’im ware, and, 
jriven a little experience, it is not ditVievilt to enamel very lar^t* 
uUmsils properly, since the sheet-iron yoods ,ne much - .isier 
to handle in tlie. mutHi' than th ■ heavier cast ones. 

Latterly, boiler tubes of riveted steel plate have been 
enamelled, and specimens of such tubes .■xhihitiny the most 
satisfactory ipialitics are m existence t )l I'oinsi; the jiro- 
duction of this class of yoods necessitates the layiiiy down of 
special plant for tinny the enamels, ,uid the mutlles have to Ik' 
correspondinyly hmy. As particular shill mi the part of the 
workmen employed in the tinny is re.piisit,., the production of 
these tubes forms ,i spi'cial branch of tie- camel iiidusU'y 
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DiocouvuiNG i:xami-;lled ware. 

« 

riic bi!f;iiiniri^ iitti'iiiptu at ilrcoratiiia eiiaiiielled ware 
conni.stril ill ciisiMiii;,' tile niitsiilc with hlua or recl-lirowii 
onaiiirl or hy nickel |ilatiiie 

(liitviTi: WtitE, 

I lie a[)|)earance ol eranite is proilucei! oa the outside of 
tid.s ware hy lirst coatjne' it with white oi‘ yellow eiiaiuei and 
then .sprayine it over with v'ery tine di’fip.s of a firsilite oreyish- 
hlue or ereyrsli-reil co\er enamel yreatly diluted witli water, 
kept coutinually stirred wdiilst the .sprayiiij.^^ is heiuo (*fi'ected 
ill order to maintain uniformity of .streuoth. When the drops 
are dry and tht‘ ware is tired, the cover enamel adhere.s Hrmly 
to the'vronnd layei’ and produces the appearance of eranite. 
Tile look of the ei)ods i.s ereatly improved hy a thin final 
coatine of very fnsihh' cover enamel or e|a/,e. 

Tll.VNSh'KIt DECmt.VTIOX. 

Since the introduction of enamelled iron table and 
chamlier ware—plati's, saucers, jnos, wa.sli-l)afiin.s, etc.—the 
necessity for further decoration has arisen; but as cheapne.s8. 
is an e.s.seiitial factor. liand-()aintin;; is out iif the question for 
such ware, and recourse has to he had to the .same means as 
are so successlnlly employed in the manufacture of porcelain 
and stoneware, rir. .' decoration hy the aiil of so-called transfer 
pictures. 

(liih) 
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This process chierty consists of printing; coloinisl pictures 
on very tliin piqx'r contaiiiiii;; a very low perceiitaae of ash 
constituejits The ink used in printing is composed of enamel 
colours (such as already deserilieih, suspended in a medium of 
very fusible cover massiin |ust sullieieut ipiantiiy to ti\ the 
colours on jn the operation of tinnu In this way hiehly 
artistic pictures are attainable b\ the usual metlinds ol 

printine-, ami are transbare.i ie ilie sinfa.I the white- 

enamelled ware by sliebtl_\ .fampiiic the papei on the tiaek ol 
the printed sheet, layiiiy this snioolhl\ "u tjie w.iie and when 
dry, tirine it at a heat |Ust suthcmnt to li\ the cnloius 

A "ood iiistam.. tic possihilit\ ot iii.ikiiie an immense 

number of articles ot one p.iftein .ind st\le ot ilecorali'.* by 
this method IS atlorded b\ the miles made lor the coioiialion 

of the Czar Xicliol.is 11 . ,ind loi the .liihil,.f llie Ausliian 

Emperor, Fran/. Joseph 1 , 

ImITAIIoN t'l.olsoNM 'I'll \ Ssl'l Its 
Another form of decor.ilioii prodin ed by the anl ot. the 
printing press is that ol liansfeis simulalme the well-known 
cloisonne enamel, and highly suitable for the embellishment of 
’decorative cast iron for building purp.ses The pictujes are 
printed in various colours, and the border lines, which in real 
cloi-sonne work exhibit ,i metallic lustre, arc black ; the printnif; 
• is managed in such a way that the colours are laid on as 
thickly as possible. 

When a sheet of this transfer paper is applied to an tron 
•surface (Avhich mav he moulded, in tie- form of a rosette, 
. cornice moulding, etc „ aild the h.ick of the paiwf is damped, 
the latter can be drawn otf in a short time, h-aA iiifj the coloured 
enamels, adhering to tin- metal by lirintc they become so 
firmly fi.xed that the colours retain their freshness even after 
exposure tin: vveiitli'-r I'lr 
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SPECIALITIES IN ENAMELLING. 

SiiMilry methods of enaiiielliii^f have hecii brou;;iit forward 
which iliffer from, <iid, .iccordiii;,' to their inventor.s, give better 
results than the ordinary |irocesses deserihe<l in the foregoing 
pages. Out of the large luindtrr of recipes available in this 
connection the following have been selected by the author a.s 
being of npprovtsl practical valine, ujany of the others tried 
by him having yiidded nothing but utd'avourahle results even 
when performed with jninute attention to details. 

IitON' Glazk. 

This process was originated by Paris, and is useful as a 
cheap covering for protecting iron pipes from the destructive 
influences to which they ari‘ e.vposed when embedded in the 
ground, The C(imposition of the glazi' is as follows:— 

Powdered crystal . ... 130 parts. 

Soda... . ... 20-.5 

Bone acid. . . . . . . „ 

The materials being carefully mixed together, fused in 
crucibles, i|U('nched, and reduced to a very soft powder by 
stamping and grimling. 

The iron pipes or other .ii'ticles 'to he coated^ are cleansed . 
by pickling in the usual maniier, dried, and coated with a thin 
layer of gum arable, or other agglutiuant, the powdered glaze 
being then dusted over them by means of a sieve. 

The nexf .stage is to dry the articles thoroughly’ in a 
chamber heated to about 150 ° C., and then bring them to dark 

(Kks) 
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red heat, at which temperature the glaze fuses. Wlien properly 
.applied ,the glaze'sticks very firmly to the metal and oti'ectually 
resists all external influences. Though excellent for iron pipes, , 
for which such a power of resistance is desired, this pi-ocess—• 
termed by its inventor •“ <le fei contrc-oxiid ''’—is too 

expensive f(U' general use. 

EmAII.I.E Pl,.UjrK-\TTHI)-MlfTAI,LI(}rE. 

Paris also rinidered his ipethod available to some e.xteut 
for artistic purpos’es by describing a process lor durably 
coating iron with othei' medals. With this object the iron 
surface, covered with glaze as above, is brnsheil over alresh 
with gum, over which very thin sheets of imdal loil (gold 
leaf, silver foil, co]ipi>r foil, platinum foil) are laid and tired. 

.Although in itsidf good, the imdallie coating being ex¬ 
tremely durirble, the process is hardly likidy to be ol jiraotical 
use now that metal can be covered with and jireserved Irom 
rusting by nickcd-jilating. 

Enamels I'lui .Smeet-muin Lo^f-si gm! Miillds. • 

A very useful enamel mass lor sugar moulds, or indeed 
any sheet-iron ware, is composed ol — 

Groen buttle glass ■ |‘iwtn. 

Fused borax . - . 1 .. 

L.itharge .... ■ • •i'l ,, 

Enamelling Tgiies fgh Steam IhuLEits. 

Owing to the jiroperty exhibited by enamelled tub<;s 
of iron, copper, or brass, ol either entirely preventing the 
deposition of boiler lur or else, by reason ol their smooth 
.surface, enabling the incrustation to be removed with ea.se, 
‘the use of sdeh tubes for locomotive boilers is continually 

extertding. . • i • 

Theii* prejtaration is, however, attended with cei’tain techni¬ 
cal difliculties, which nevertheless may be overcome by means 
of the process now about to be described. Alter pickling in 
fairly strong acid,*tlie tuties are scrubbed clean wdth cylindrical 
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brushes, and similar brushes are employed to apply the 
coating of enamel. Firing is effected in nauffles of suitable 
length, but not wider than is necessary for the accommodation 
#f several tubes, laid side by side on supports hollowed out 
for their reception, so as to facilitate handling by means of 
suitable tongs. 

The ground enamd is tinsl at a high temperature and the 
attendant must exercise care, by turning the tubes, to ensure 
uniform heating throughdut. Tl'ii.s tui'iiing must be [wrformed 
more frequently during th(‘ tiring of the cover enamel, to 
prevent the latti-r from running and forming a coating of 
irregular thickness. 

Enamelled ii'on pipes .are also excellent for conveying the 
acid water of mines, as they remain unaltered for years, where¬ 
as ordinary iron pipes are corroded in a very short time. 
Of course the enannjl employi'd for such tubes must be of 
such constitution that it can effectually withstand chemical 
influences. Amtmaun of (Jleiwitz uses the following formula 
for enamel for this purpose ■— 


OiDund Fhuiiui’t 


Quartz. 

. 84 parts. 

Borax. 

. 15 „ 

Soda. 

. 2 „ 

Coivr Ennnu’l. 


Felspar. 

. 84 parts. 

Quartz.• 

. . . 19 „ 

Borax. 

. - . 24 „ 

Tiu oxide. 

. . . 1C „ 

Fluor spar. 

. . . 4 „ 

Soda. 

. . . 9 „ 

Saltpetre. 

. . ■ . 3 


The firing of this cover 
white heat, and the flnishi: 


enamel takes twenty minutes at 
d tubes are coated with tar whilst 


still hot. 


^ Pleischei.’s Enamels. 

Pleischel of Vienna has tor many years manufactured 
enamelled ware coated with leadless enamel only, the com- 
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position of the masses—which are also suitable for use on sheet- 
iron articles—being as follows :— 

Silica ». 30 to 50 parts. 

Flint. ... 10 to JO „ 

Kaolin. 10 to 20 „ 

Pipeclay. s to 10 

Chalk . . . OtolO .. 

Ground porcelain . . 5 to 15 

Bone acid . . . . - 20 to 10 „ 

Saltpetre . 0 to 10 ,, 

Gypsum . . • - -t 

Another of the saitu* iiiakrr’.s hinimla* —» 


Quart/, 

.10 to 50 part'*. 

Grauite 

20 to'to „ 

Borax . 

. 10 I*' 20 

Glass . 

0 1" It) .. 

Magnesia 

Kiln 15 „ 

F«elspar 

5 to 20 

Enamel soda 

KM..20 

Lime . 

# . 5 in 15 .. 

Barytes 

2 tn „ 

Fluor spar . 

,! I o K) „ 

These ingriidimits 

an; pri'iiai'.''! in very much the sUmo 

manner as tliat ali-ea< 

y ilcscrihcrl ill these |iayes, hy grimling, 

mixing, fusing ami r 

‘.gi'iieliiig , ami the gla/.e is hiiil on as 


thinly as possible Tho proportions ol tie* mixture ib^peinl 
on the character of the raw matisrials ainl must ho <letermined 
by experiment, since a granite that contains a large proportion 
*of quartz will require iiMre so'la than one that is richer in 
felspar. 

BO'itcher's CoroKii Enamel. 

The enameBmass employed by Bottcher for copper coasistw 
•of— 

* White felspar • paits. 

Unburned gypsum . • . . 12 

Borax. ■ ^ P'*'*' 

The usual method of firing is adopted, and Ihe enamel 
adheres very tenat^iously to the surface of the coppei 
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DIAL-PLATE ENAMELLING. 

Tlie iiianiilacturc oF (lial-y)ktes for clock.s is a special 
Inisiiiess, and lyerierally consists in covei'inf; sheet copper with 
wliite enamel. The thin sheet co])])ei', cut to the desired size, 
is made hrieht and coated on both sidies with perfectly white 
enamel, in tine jwwder mixtsl with water and laid on with a 
brush. As the enamel us(ul is always very rich in tin o.xide 
it covers well enough to be used in e.'vceedinoly thin layons. 

Any white, enamel of vood covering power will do for the 
purpose, the following beinj;' typical mixtures — 


8aud 

. KtO 

100 

100 

Lead oxide . 

. 50 

lOB 

107 

Tin oxide . 

50 

■IB 

.^3 

Potash 

. 200 

20 

00 


When the mass has been applied, the discs, laid .side by 
.side, aVe thoroughly dried, and a laree number are placed on 
thin slabs of tire-brick and inserted in a vlowinv inutile where 
they are left until the enamel is fuseil. Hereupon they are 
transferred, slabs and all, to a coolh'iv oven. In this manner' 
a very large number of dials can be tinisheil in the course of 
a day. 

The plates are then subjected to a searchiijig examination, 
and only such as are perfect and exhibit a perfectly uniform, 
lustrous surface are looked upon as finished. Frequently 
some of them are slightly blistered or stained .in places, and 
these must be rectified before they are sent out. The simplest 
way to remove the small blisters or bubbles is by scouring 
the plate with tine sand, and reheating in tjie muffle until the 
( 172 ) 
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enamel has so far fused ajfaiii that it forms a colieront lustrous 
covering when cold. Stained patches mu,st be ground off by 
holding tjie dial against a rapidly-revolving disc moistened 
with water containing very tine sand in su.spension, Wheiv 
the .stain is entirely removed the place is re-enamelled. It 
should be suited that sncIi patches will only be met with in 
any abundance when insuflicient care lias been taken in select¬ 
ing pure materials for the enamel in.iss. 

The in.scriptions ylignres) on dial-plates are of black enamel, 
which is ground up with lavemler oil, paivteil on ami tired. 
As a rule this coloured eii.unel has a inneh lower fusing point 
than the white enami'l. so that it m.iv melt while the latter 
is still in a solid state , since otherwise it wouhl be ini|iossiblc 
to obtain a sharp-edged, clear insia iption, as the two enamels 
woufd run together in fusing and render tlm edges washy and 
ill-defined, , 

The small dial-plates for watches are usually i‘namelled 
on one side only, and must be cooled down slowly after tiring, 
in order that the enamel may I’etain a certain elasticity'and 
not ea.sily cra»! or crack Besides, the enamel foi-tbis purpose 
mast have such a low fusing point that there is no danger of 
the copper being corrodeil by the fused in.iss 

To ascertain whether or no this is (he case, a linished plate 
is cut in two, and the edges .liter being rubbed sniooth-are 
'examined under a inagniiying glass .In the case of enamels 
of .suitable fusing point a sharp line of demarcation is visible 
between the enamel and the niet.il. but if too retractory an 
intermediate lawyer of a bluish tinge will be noticeable; and, 
•owing to the Jhinness of the coating, will spoil the colour. 

Many dial-plate manufacturers, however, endeavour to 
produce this intermediate l.iyei-, lunler the erroneous impression 
that it causes the enamel and co[iper to adhere more firmly 
together, which is not the case, besides, they unite so closely 
under ordinary conditions that no special precautions in this 
direction are required (See abo Appendix p. 183.) 
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ENAMELS FOR ARTISTIC PURPOSES. 

*- 

Enamels j)lay,an important part in the arts and artistic 
industries, and, by reason of tlie beauty of tlieir colours and 
their durability, are especially adapted for the embellishment 
of jewellery and articles of adornimmt. 

In earlier times this branch of art was more studied than 
at present, and there are still in existence, the product of past 
centuries, works in eyamel that eon.stitute artistic relics of high 
value. Neverthel(‘ss, owing to the present state of chemical 
knowledge, we are nowadays in a position to produce enamels 
far' superior in point of beauty, purity of colour, and dura¬ 
bility, to those of our predecessors 

As is well known, strenuou.s endeavours are now being 
made" to elevate industrial art to a high standard, and great 
attention is being devoted to works in enamel. 

Gold and silversmiths, and workers in bionze and metal 
are again largely resorting to cnillnels for decorating their 
productions, and the sanic applies, to a not inferior extent, 
to the u.se of enamel in the manufacture of artistically em¬ 
bellished pottery. 

So far as the composition and employment of enamel 
masses for artistic purposes are concerned, there is little 
deviation from the methods ah-eady described as practised in 
the industrial world, the principal difference being that the 
very purest materials obtainable are sought after, since it is 
from these alone that enamels of handsome colour can be 
( 174 ) 
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prepared. The more expensive first cost of snch enamels is 
a very .minor consideration, the iiuantity used l)einf; in any 
case very small. , 

As enamels for artistic purposes ,ire not reijuired to exhibit 
any special resistance to chemical agencies, they are usually 
compounded of fu.sihle materials, it heine easier iinder these 
conditions to employ certain pi;;ments and retain their beauty 
of colour unde]' the tirino process. 

The compositiop of enamels l)i'inn nowadays ii matter of 
general knowledge, it is easy lor makers wliose enamels enjoy 
a particularly gooil rejmbition—iis is the casi', lor instanci', with 
the Venetians—to umintain tin'ir proilncts at a standanl of 
perfect beauty if tiny only bi-ar in mind the lactors Just 
referred to. 

The lowe.st possible limits of fusibility can bi' im|iarted to 
enamels by the use ol glass masses rich In h'inl, ami these are 
quite unobiectionable in the case now under consideration, 
since the low resistance of the [irodiicts is not a source of 
danger. The subjoineil recipi's lor artistic enamels have stoixl 
the test of practice, and it may be stall'd in this place that 
these eiiaiiiels may be used in various wiiys, the mass being 
either applied and tired in <1 single operation, or else a white 
ground mass is first jiiit on and afterwards eovered with the 
coloured nias.s. When the eminiel is all ol one coloiii the former 
method may be pursued ,’ but when it is a question ol enamel 
paintings the object is lirst coated with white mass, which 
serve.s as a ground for the subsequent painted ilecoiation, 

W'HITE EXA.MKI.S Kolt JEWKM.ERY. 

Two parts of tin and one of lead are calcined tog-ther and 
entirely‘Converted into the respective oxides; 1 part of the 
mixed oxides is then mixed with 2 parts of pulverised white 
crystal glass and fused in a crucible along with a minute 
quantity of saltpetre or manganese dioxide as a decolorant, 
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the molten mass being afterwards poured out into cold water. 
This fusing and quenching are repeated two, three, or even four 
times, until the ma.ss is free from bubbles and qui^e homo¬ 
geneous. After being ground to fine powder it may either 
bo applied direct to the object, or, wlien intended for covering 
very small surfaces, is ground in lavender oil and kid on with 
a brush in the same manner as artist’s colours. 

A white <‘namcl of still lower fusing point may be prepared 


by the following reci])e:— * 

Tui-lead oxido . •.100 parts. 

Pure quaibx mi’iil.00 

Common salt. ' 2 ^ ,, 


The pure ([uartz meal may be leplaceil by saml, but the 
latter will have to be specially ])uritled if it is to yielil a per¬ 
fect!}' whiti! product. With this obj(!ct 100 parts of sand are 
fusinl with 2.5 parts of common salt, sonu! of the chlorine in 
which unites with the iron in the sand to form a product, 
which is volatilised by the heat employed and leaves behiml 
a fritted mass surticiently free from iron. After this the sand 
is fused with 25 parts of pure minium, whereby a frit of lead- 
soda glass is obtained. 

To prepare an enanud by the aid of this mass it is reduced 
to very tine powder and mi.xed with pure tin oxide (or tin- 
lead oxiile) in the pro[)ortion of 50 parts of frit to 100 of 
oxide; the larger the proportion oi'dlu! latter the thinner the' 
layer of enaiind of good covering power obtainable. 

Enamel masses free from tin oxide can also be prepared, 
in which case sodium antimonate is generajly used. The 
latter, however, in presence of glasses containing lead, yields, 
enamels of inferior appearance; consequently the mass should 
be prepared by fusing the sodium antimonate, with crystal 
gla.ss only. A very tine enamel is obtained by mixing 3 parts 
of glass and 1 part of sodium antimonate, with a small quantity 
of saltpetre. 
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In the preparation of all these' eiiainels care sliould be 
taken, when fusijtg the materials, to pnivent the access of re- 
ducing gases to the contents of the crucible, by covering the 
latter with a close-fitting lid . otherwise an inferior enamel 
will be sure to result. 


Kecii'Es Kon CoLornKii Kwmkls. 

A good ground for backing coloured enamels is furnished 


'' 3 ’- 


Sand 

Chalk 

Calcined bora': 


I juirts. 
t |niri. 

A part K. 


This mass is particularly suitable for use umler pale red, 
purple red, and blue, as well as other <lelicate eoloui’s, since 
it exierts no injurious inlluence, on the pigmeidary substances. 

A somewhat refractory mass, also^ uselul lor the same 
purpose, is obtained from— • 

Quartz meal ‘'O parts. 

Alum . . . .. ' 

Common salt . .. 

Minium . ... 100 .. 

Magnesia. 

Tkaxsli'cent (ioi.omii;i) Enamels. 

For artistic pui'ixises.jpainting in enamel) use is made of 
certain colours, which, for the jiroduction of particulai- shades, 
have to be traaslucent. A few recipes for these, as given by 
Deck, the technical director of the Sevres porcelain works, are 
appended below. 

• Flux or Grotmd Mast,. 



Soft. 

Hard. 

Q'uarta * . 

. 4-5 

5-0 

Potash . . • • 

. 1-5 

1-6 

Soda . . • • 

. 7-0 

# 7*0 

Minium . ■ • • 

. 8-6 

3*0 


T2 
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Yelloto Shades. 



Ochre 


Opaque 


Yf'lltiw 

Yelliiw. 

Ycllt^w. 

Soft ground mans. 

9 

20 

9 


4 

10 

4 

Minium 

2 

Id 

A 

Feme oxi(l(‘ (\ellow) 


1-5 

0-8 

Anliinony oMtlt' . 


— 

0-S 

SiLlid 

(Irrnis. 

1 

• i-.i 

II. 

U) 

Mmmiii 


' r> r, 

r,-!) 



0 r, 

0 

I'otllsll 


0 f, 

1II 

('ilprir <)\l<lc 


0 i 

0 i 

Soft, Itl 1 \ 


<' nni-liii 

■( 

oluc 

(it< Cll 

90 0 

('llt>lli (i\ldi' 


1 

.{ ( 

h'friH' oMilf (>i'Um\v) 


1 

(i-n 

Siuiti 


1 

__ 

Mniiuiii 




dloNldi' 



-' 


l!hu-s 

I 

I,.lllts l,t/llll 

;)(l (1 

!'ll|((llnl'C 

0 

('(tluiltll DXItll' 


1) 


('ll|)ll<' 


- ' 

7 U 

Klux 


11 II 

\ nilft 
;')0 II 

\ntimoii\ 


1 l» 

— 

MiuigaiH’M' dioMtk' 


M) 

0 T) 

Still |)t'l IF 


■i 

— 

Sotli 


J 5 

- 

(’ol)altii' o\uU‘ 


— 

.i-5 


For paiiitiiin' on il is adx isalili' to keep a stock of the 

various colours prepared iii the foriu of stroiipdy coloured 
pdasscs. With this ohject iu view a fusible enaiucl mass, free 
from coveriup iuprodieuts (tin oxide or lead oxide), is com¬ 
pounded, ai.d with this the pipiuentarv oxides arc incorporated. 
After fusinp, the mass is pounded to eoaise powder and re- 
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melted, the cycle of opei-atioiis repeated until a i;lass of 

perfectly uniform colour throufrhout is olitained. ’I’liis is 
finely p(^wdi'red, and for use is eronnd in la\ender oil and 
applied hy the brush to a surface of pure white refractory 
enamel. On the completion of the paintnie, the article i.s 
carefully tired in tlio \imllh! at a heal pist suHieient to melt 
■ the cohmred enamels, which ohjeet heiii” etl'eeted the tempera¬ 
ture is at once reilneecl in order lo prevent tin- colours running' 
one into another * 



If an\- ]iart of the paint my does not eoiiie n|i to expecta¬ 
tion, it may la. removed In earefni serapiin; with a very hard 
• ^rraver.and pointed am w it is, how evei, .lillieiilt to perform this 
operation without damayiii;; tin- app-araiice of the paintiiie 
Thed'usiUe coloured i iiamels mav he tired in the muflle 
■shown in Kio Id or that i.'presented in Fie Hi. J'liis mul'fle 
is placed in a blast furnaee liivin;,^ a strono drau<rlit and 
heated hy coke nr charcoal The ;;ases from the hearth, li, 
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surround the iiiuttie in the flue, D, and then escape to tlio 
chimney, E. Wliilo tlic pieces are l)ein}; fired, the muftie is^ 
closed liy a fireclay plate, E, wliich is fitted with a pe(jp-hole. 

(Ji.oisoNNE Enamel. 

'I’his metliod of (Oiamellino is peculiai', and runiishcss pro¬ 
ducts of illimitalde duraldlity. As a ruh' it is practised on 
0 O|)per or {fold, ami the procedure adophs! hy the artists of old, 
and but recently di.seovere 1 aiiejv, is followed. TIm! outlines 
of the desif^ui to be carried out in cmamel'are marked on tin; 
metal plate in suefi a manner that a very thin band of metal 
remains between th" edees of (jviay two adjac(;nt coloured 
enamels, the space enclosed by the outlines beiny hollowed 
out by the eraver so as to halve a roueh surface for the 
enamel to adhere to. In the' case of eold articles, the outlines 
are also cut out of thin sheets of metal and welde<i on to the 
base [ilate by heat. ' 

Th(! cells prepared in one oi' other (tf these ways are then 
tilled with a thick paste of enamel mass and lavendei- oil (or 
water) which is tired in the muffle, and the operation is repeated 
until the cells are completely full of the fused enamel, where¬ 
upon the surfaci' is around and polislnsl. 

Similar I'esults can ho produced in a more direct way by 
pressiun the fused enamel into sharp-edned metal moulds, 
•setting the piece's in metal in a suihible manner, and finally , 
heating the finished artich; until the enamel begins to fuse, 
grinding and polishing the surface when cold again. 

The so-called “ imailk champ-levk ” is prepared by stamping 
a design with steel dies on sheet gold and tilling the recesses 
with enamel, which is then fired. However, of all these 
methods, cloisonne is undoubtedly the best, on account of 
the durability of the product. 

Recipes eor Enamels oe Vawous Colours. 

Certain colours will not show up in their full beauty 
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unless upplieil on around lnyei's of pai'ticular coiniKwition. 
•Red fnffli <f<)ld jnirple is peculiarly sensitive in tliis respect, 
,as is also the ycdlow produced hy antimony preparations;^ 
whereas cohaltous oxide and chromic oxide can he easilji 
broUf'ht into such a coifvlition that they are applicahle to any 
enamel. This result is ohtaineil hy heatin;,' the said oxides 
•to a very hieh temperatnnx wherehy they hecome almost 
entirely insoluble, prolonoeil hoilinp in strong acids beino 
necessary to effect their solution. 

This property ol' the two oxides in ipiostion can he ntilisisl 
ailvantageonsly for proilncine durable eolonrs on enamels sub¬ 
ject to considerable wear. In such event the pronnd mass is 
painteil over with chromic oxide or cohaltons oxide—strongly 
calcined ferric o.xide behaves in a similar manner and a thin 
layer of traiisparent ela/.e or co\er enamel is tired ovc'r it- 
'I'he colours are then protected -dike ihe strono-lire nnder- 
olaze colours in porcelain paintino -hy the co\er eimimd, and 
cannot be corroded until the latter is entirely worn away. 
Of course the eTound mass must l>e rendered opmpie, so'that 
the underlying metal does not show Ihronoli. 

In cidourino enamel with void purple, care must be taken 
to use none but iiumses free from lead or tin, otherwise no 
purple will he produced The frit lor this purpose should 
be prepared from Hint ineal, chalk, and borax, and is there- 
■ fore a olass coloured liy nmans of void purple. The mo.st 
suitable'iiroportions for the frit are: silica d, calcined borax 
■2, chalk 1 part, and, to obtain satisfactory results, a minimum 
tirino temperkure must he eniployeil, the oold heinp reduced 
• arnffui-nishwio only a discoloured brown if the heat he too 

jjreat. 

The-frit generally used for yellow is pri'jiared direct from t 
antimony oxhle 1 part, alum 1, sal ammoniac^ (ammonium 
chloride) 1, and lead oxide I to d parts. 'I hese ingredients are 
finely iwwdered. intimatidy mixed hy grinding in small 
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quantities in a mortar, and then slowly heated; the sal am¬ 
moniac is gradually volatilised in the fornl of dense white- 
, fumes, and when these have all disappoareil the mas-? is ready 
for use and will furnish a yellow colour. It is tired with a 
flux of silica, borax and lead oxide, in quantity equal to, or at 
most not exceeding double its own weight. All pigments con¬ 
taining antimony qr lead oxide require only a small (|uantity 
of frit. ^ 

'the most handsome violet is obtaimrl from manganese 
dioxidi;, proviiled'cari^ he taken that ikj organic matter is 
present in the mass when tired, and that no reducing gases 
obtain access; otherwise tln^ dioxide will he easily reduced 
and’give only a brownish colour in place of violet. 

When, as frc(|uently happens in enanudling jeweller}’, 
small ((Uantities of enamel have to he melted Isd'ori! the blow¬ 
pipe, the various prifperties of the enamel masses and the 
contained’ pigments must be suflici(‘utly borne in mind. As 
already described, tin- inner blowpipe flame has a powerful 
reducing action, only tin- outer llame being an oxidising one; 
consei|uently the latter alone must hi- used in enamelling, 
except in a few rare instances, such, for (example, as when tn 
green (ferrous oxid(') enamel or a cupi’ous oxide red mass is to 
be fired. In such cases the oxidising flame would convert the 
ferrous or cuprous oxide into the ferric or cupric state, and 
would change the green of the fornnu- to brown red and the. 
red of the cuprous oxide to green. 



Al-1>K\I)1X. 

.DIM; lA’ 

The ai’t of covering platos ol iu(Hal with onaniol w of <'roivt an¬ 
tiquity ; it was practistnl hy th(‘ K^vptians, and hs thinn probably 
transmitted to the (Jreoks and Uoniaus. Several ancient Hpecimens 
of curious worknianshi|) prove its existinicc^ in Britain at a* very 
earfy period, ft was fornieily employed ohielly for ornamental 
purposes, but since the invention of clocks and watches its usefulness 
has been proportionately increased. Bor^clocks and dials there is 
probably no substance that could la; substituted tlrtt can equal 
enamel in permanence and l)eaut\ The art of dial-plate enamelling' 
is divided into two hianches, iiamelv hard cnanir.llnn/ and nofl or 
{(lass cnamclUwj. In the liist iiranch the Vi'iirltati enamels are 
chiefly employed: m the last the I'hKjltsli. or enamels.* The 
practice of hard enamelling requires moi£ skill, time anil labour 
than the others, and is cons^upiently the most esteemed. The 
metals to be eoamelled on*are usually ^oid, silver, or copper, but, the 
process being similar, one description will sullice. 'L’he copper, 
which is the metal usually employed, being evenly flattened in long 
slips and to a, proper thickness, pieces are cut olf for use according 
to the size watited, they are then annealed in a clear lire in order 
to make tl)«ni sufliciently pliable to take the required forms 
which are given to them by means of brass dies. A complete set 
of dies Varies in size from about three-fourths of an an inch to two 
inches and a half, the gradations fwing very small. The copper is 
next placed on the die Iwst adapted for the purpose*and the eye or 
centre hole is made with a small round-headed punch and smoothed 
im) 
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with a grained file, it is then again placed on the die and pressed 
gradually open till it nearly fills the hole with an oval burnisher; it' 
is afterwards pressed tighter into the hole with a round tsroach the 
tiurr teing occasionally taken olf by the file, and care employed to 
prevent the eye from cracking. The pifneh, burnisher, and round 
pin are all of steel, the two latter taper in regular gradation towards 
the handles. When the eye is completed, the edge of the copper is 
cut round so as to leave a small part projecting beyond the die, 
which is then turned up or liurnishfid against ^the edge of the die, 
the copper being firs^l, laid smooth and fiat by the burnisher. The 
copper is then gi'adually set up to the convexity or height required 
by rubbing it gently yet firmly with a bent or setting spatula formed 
of a thin slip of steel about five inches long properly fixed, after 
which the feet are soldered on. The inconveniences that attended 
the use of plain copper wire soldered with spelter (zinc) for-the 
feet are now entirely obviated by employing copper wire plated 
with silver. The feet must be cut by fixing an iron peg into the 
work board, and the jiieces of plated wire being held against it, it 
will 1)0 found to form a very good resistance against the action of the 
tile. It should be observed that, if coppers are to be made for Hat 
plates, the feet should be filed at right angles, but if the plates are 
convex they should be filed at an angle as nearly as possible 
corresponding with the curve formed in the hollow- part of the 
copper, because, when the foot is placed on the copper, it will be 
found to stand perpendicular to the baseglino or edge of the copper. 
In order to make the feet remain in their places and facilitate the 
soldering, the end of each foot before putting it on the copper, 
which is done by means of a pair of corn tongs o.r tweezers, is 
dipped into a slight wash of lx>rax and water through Which it adheres 
with sufficient force to admit of its being exposed to th« power of the 
blowpipe. The lamp in common use contains- from a pint to a 
quart of oil, and has a cylindrical spout projecting about three 
inches, being an inch or more in diameter. This space is filled with 
cotton whiohj being lighted, a strong flame is produced. The 
copper is carefully placed upon a piece of solid charcoal long 
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enough to be held iti the hand, and the rianie lHMng.llu*n iji'c^udlod 
by the blowpipe a’gainst the solder or silveied wire as the case may 
be, the f«set are liinily united to the copper. The whole is then ^ 
thrown into the pickling pan in order to fiei* it iiom the scale o*- 
oxidisablc covering acipufed from tlu! heat 'L'he choppers being 
thus preparerfl, tho next process is that of eiiaimdling pro)>eil> so 
called. Tlu! operations of hai d enaniellmg and glass (mamollmg are, 
to a certain extent, the same. When; th(“y an* dilh'nmt we shall 
describe the diffenmci* as we^proceed. The (mainel, as it comes 
from the makers, is generally in small cakes tn^m hmi to live or six 
inches in diameter. It is first hrokim with a hammei and then 
ground in a mortar and moistened with water, aftci which tlu' cop¬ 
pers, having been liist cleanstsl by the pickle and c.iiohtll} hiushcal 
out with water, are sjiiead lacedowinvards over a solt cloth or smooth 
napkin, and a thin layer ot haul enanitd, called in its giound state 
the backing, 'is spread over the mulei sid(“s witli the end of a (juill 
properly cut or wntli a small hoiu* spoon.* ’I'lie coppins aie then 
slightly pressed on by another soft cilotli or napkin, which, by 
imbibing some portion of the watei, rendeis the enamel sid1ici/;ntly 
dry to he smoothly and evenly sjireail witli tlie lounded side of a 
steel spatula The next operation is to spirad a layer of glass 
•enamel over the uppei sides of the coppois called tin- Jlrst roata. 
In doing this the smfaeo is liist brushed slightly ov<n- with ii small 
camel-hair brush or a luire’s loot to lemove any diil or extraneous 
particles of enamel, as the^mixtun* ot an\ hard enamel with the 
glass would infallihU s])Oil tlu^ woik. I’he glass is then spread 
upon the coppers in a layer, the thickness of which is commonly the 
same as the height of the edge and eye. The water is afterwards 
slightly absorbed with a cli^an iia})km smoothly folded, and the 
enamel spread by a th'in.//^^ spiUnla till all unevenness is removed 
and .the surface lies regulailv from edg(; to centre. The next 
department JiTiti'i, as it is technicailv called, which consists in 
melting it till it becomes one uniform mass on the surface of the 
copper. In doing this, the first coats are placed upon rings which 
are generally madfiof a mixture of jiipemakers’ clay and Stourbridge 
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clay colled up. into the form of cylinders and turned in a lathe by 
means of a cylindrical piece of wood forced through the centre of. 
_ the mass when wet. They are next put into a shallow»tin vessel 
called a tin cover which is either made square or round according to 
the fancy of the artificer, and is commonly about three-quarters of an 
inch in depth. ;\11 the moisture is then slowly evaporated from 
the enamel by |)lacing the cover upon a Geinian stove or in some- 
other convenient situation near a tire where the eva])oration can be 
properly regulated. The firing is eSiecuted beneath a mutHe placed 
in a small furnace igpited with coke and charcoal. The furnace being 
drawn uj) to a sufficient heat hj means of a register, the first 
coats are taken separately from the tin covers and placed upon thin 
planches of clay or iron chalked over, and gradually introduced 
beneath the niuffie, where, in a very short time, the enamel melts 
or runs, and, becoming properly consolidated, the first coat is com¬ 
plete. A second layer of ground enamel is then gently'spread with a 
quill and prepared for firing by the na)ikin and spatula as before, 
after which the second coats are placed upon the rings, and the 
moisture being evaporated in the tin cover, they arc ready for a 
second fire. This requires an equally cautious management as the 
former one. The plates iiiiist not be oveilired nor must the heat be 
suffered to melt the enamel too rapidly, but a kind of rotary inotiotf 
called coddling must be given to the work by holding the loaded 
planch lightly with the tongs, and gently drawing the edge of it 
towards the mouth of the muffle, and tljen returning it to its former, 
place till the fusion be complete. The work is now in a fit state 
for polishing, technically called using oft. This is pel formed by 
rubbing the surface of the plate on a grit stone with tine sand and 
water until all the glazed a|ipeai'ance is completely obliterated, and 
one uniform and equally rough surface is produced, c The intention 
of this part of the process is to remove the mottled appearaime on 
the surface and give a more equal convexity to the plate. ■ 
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HARD DNAMEI.LINC. 

The forejioins is an outline of the process for fjlass enamel ^ 
plates. The firing of the Venetian liard enamel is much the same* 
but the heat applied to ntelt it must not bo so great, and the plate 
must be taken from the fire as soon as the enamel is found to form 
one tolerably compact hods, as any longer contimianee would have 
a tendency to spoil the intemled shape of the )ilate which is always 
considered a most essential ijifalit) in those of hard enamel. The 
heat for finishing may he rathei’ inori' than tjmt used in the first 
fires, as in that instance the, intention w.is only to unite the |)articlos 
of the enamel into one, solid mass; hut the principal object in 
finishing being to raise the lliix to the snrtace as nnich as possible, 
a greater heat may he usisl with advantage, hut the plate must he 
taken from the furnace the instant that the sniiace appears bright 
and glossy. " Where good Venetian enamel cannot he obtained 
and miAtures of various kinds aie resorted to, it fiei|iienj,ly happens 
that the glass enamel plates crack when they aie brought to the 
second fire. When this is the case, as soon as the ciack is observed, 
the plate must he withdrawn fiom the lire, and if it extends only 
from the centre hole to the edge it will m most cases hear mending, 
•but if it has happened in two or three places it will he useless to 
make the attempt, as it will laiely succeed If the dial-iilate was 
to continue in the fire after it is cracked a sullicient time, the 
enamel would close and thp lilato liesiome sound again, but as the 
copper on its surface is in a state of oxidation, the oxide of copper 
uniting with the’enamel would rise to the up|)er surface of the 
plate, producipg by its union a faint and sometimes a dark-green 
line which woifld evidently .1 ender the plate useless. The operator 
therefore mu.t observe the time when the crack hits opened to its 
greaitest width, and before it unite or close at the bottom the plate 
must be withdrawn from the furnace and allowed to cool. The 
opening must then be filled with fine enamel laid sufiicienlly high 
to allow for its running down in the fire, but to adjust the quantity 
so as to prevenUhe appearance of n seam across the plate, will 
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require much Judgment and, indeed, however well the ope_. 

may succeed, it will still remain visible. ' 

The method of painting in enamel is performed on«plate3 of 
gold, silver, and copper, enamelled with the white enamel whereon 
they paint with colours which are melted In the fire, hy which they 
acquire a brightness and lustre like that of glass. Thi^ painting is 
the most prized of all tor its peculiar brightness and vivacity which 
is very permanent, the force of its colours not being effaced or 
sullied with time as m other painfing, and continuing always as 
fresh as when it canje out of the workman’s hands. 
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- gla.ss in, 132-4 
green, 178. 

gimiimt, 102, 123-7, 160, 170 
louellery. 175, 176, 182. 
lead compounds for, 30-3. 

- gla.ssin, 11 
Icailless, 131, 171 
malorials for, 14-04 
opa(|iie, 7.8, 15 35-8, 128-30. 
I>.iinting on, 178 
pigments for, 47-72. 

Dleiscliel’s, 170. 

]ilnini)iferous. 131, 132. 
porcelain in cover, 132, 134. 
jMitassmni c<iin])ouuds for, 
23-5 

purple, 181 
ivd, 181 

vefi.uiory, 120, 123. 
repairing defects in. 155, 
!.5li 

- ^election ot quartz for, JO. 
soila, 26. 

vodmm compounds for, 25- 
27. 

•'Ugar nioiihl, 160 
' 'echnu al uses of, 135. 
testing, 156-7. 

transfer decoration on, 16(), 
167. 

- translucent. 177, 178. 
white. 175 , 176. 
yelhm, t78. 181. 
mass, jn-eparing, 101-36. 
testing, 87. 

masses, composition of, 
ll!k36, 160. 170. 

Knamolled waie, <lecorating, 166, 
167. 

— repairing defects in, 

155, 156. 

-- — testi’^g for lead, 12iK 
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rvQaineiimg tiiaj-piate«, 17^% 

. — preparing the ware, 137-42, 
170. 

— process, 14;i-o. 152-4,103,104. 

IX). 

— specialties in, lOH-73. 
Knainels, thirability of. H, 9. 


.• F. 

Felspar cover enamels, 132 

— for fluxes, 45. 

lead ovule i'U.imel. 125 • 

Ferric aluniiiMle [i.ginfml, 57 
ovule pignienl. 55, 72 
Ferrous ovule ])igiiieii(, 02. 03 
Firing coloured enamels 179 

— cover enamel, 152 1. lo3. 10}, 

170 

-- ground enamel, 110 51, Hvl. 

lot, 170 

Flint. N(< Silie.L 

Fluor sfiar for fluxes, 42. I.> 

Fluxes for enamels 30 10 
Fuel, 00-1)3 

Furnace for <)uait/,, 21, 22 
Furn.ices, .smelv-mg. los 12 
Fusibility of eii.'.mel masse', 
nuKlifying. 120, 120, I3il 13.>, 
148, 140. 175 
Fusible I'liamels 175, 170 

— grouiul enamels, 124, 12.» 
•Fusion tests foi (leecdoi.ml-, 7<b 4'^ 

— — f<ii mateiials .ind 

enamel inas', 7'* ^7 


G- 

flasfiiel, 02 ^ 

— inullles, 140-.‘ri 

Glass, beliaMoui on .-xpo'iire 
aimosidiero, 0 

- c<Mnposiji4n aiui piopi-ilr 

of, 0-13 

cullcl duxes. 40 

, ill cover eriaiiuds, 132 4 
- mdillerence to chemicals 

Glauber salt, 27. 

Glaze, iron, 108. 
milLs, 1)5. 

See Cover enamel 
Gold pigments, 50-02. 


■ 101 

Granite ware, lOfi. 

Green enamel, 178. . 

pigments, 48, 02-5. 

Grinding enamel masses, 118. 

• piart/. 22. 

Ground onainel. 102. 

enamels. composition of, 

123-7. 100, 170. 

• i>smn for Iluxes, 45 

• H. 

ll(‘al, clb'ct of, on glass, 1| 

I listoi \ of en.imellmc, I 3 

H\,dne. 15 . 


I 

I mpiii il U‘s III ( I i\ . 11 

lead oxide, 31 
waler, 80. '.H) 
w lute le.id. 33 
lesluig bu. 70-«7 

I I on. > olofti leact Ions <>1. HO 

|iii oiiamel uai'. ll>H 40. |.5H- 
00 

gla/»‘, ll)H 

niipiii il irs in cl.i_\ .11 • 

hlileslolle, 2H 
walel. HO. 00 
HI cobalt pigmellf.. 70 
o\ ide III iplal I /,. IH 

pigmeiil s .s'., • Ferric 
ami tel lolls oxides, 
uii-iisils, (•naiiu Is for, 12.5, 
I2»i 


J. 

1" .Feuelleiy eliaiiud. 175. 170. 182 

K. 

Kaolin tor iluxes, 43. 

8 Kelp, 20 

L. 

9 

L ad anlmionaU; jugment, 53. 

— colour re.ictioiis of, 80. 
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Lead conipoundn for enamel, 30-3. 
—. ~ injurious in technicyd 
enamels, 12i». 

— gbifls group, 7- 

— - in enamel, 11. 

~ . — low resistance of, 10-1. 

— preparations, testing, 84. 

— Kuljihate, 33. 

Leadless cover enamel, 131. 171. 
Liglit, etfuct of, on glass, 12. 

Light purple pigment, 80 
Lignite fuel, 01. • 

Lime, 27. 

— glass group, 7. 

Limestone, 28, 20. 

Litharge, 31. • 

M. 

Magnesia, 30. 

Magnesium carhonate, 30. 

— sul[)lmte, 30. 

Manganese, colour reactions uf, 80. 

— dioxide as a docolovant, 2, 

74,7'). , 

— ^11 cobalt pigments, 00. 
]ngment, 71-73. 

Materials for oiiamols, 1,4-04. 

•* - alkalies, 22*7. 

- — fundamental, 14-78. 

— - mixing, 00-100. 

— — preparing, 05-100. 

- — subsidiary, 88-04. 
Mills frr enamel materials, 05-8. 
Minium as a decolorant, 74. 

— Nr.fi Red Lead. 

Mixing appliances, 00-100. 

Morion, 15. 

Muffle furnaces, 140-51,170. 


N. 

Naples yellow, 53. 

Nickel in cobalt pigments, 08. 


0 . 

Opacity, means of producing, 7, 
15, 36-8,128-30. 

Opal, 16. 

Opaijue glass group, 8. 

Orange pigments, 40, 02-3. 


t $ ^ 

P. 

Painting on enamel, 178. 

Panstone, 27. 

Peat as fuel, 01. « 

Pickling, 140-1. 

— materials, 03. 

Pigmerfts, 47-72. 

ancient enamel, 2. 

— antimony oxidi*, .50-2. 

— black. 40, 72. 

— blue, 48, 05-70 

— brown, 40, 71-2. 

® - chromic oxide. 04-5. 

—■ cobaltOus silicate, 05-0. 

— - — zinc phosphate, 67-8. 

— cobalt oxide, 05, 07-0. 72. 

- colour reactions of, 86. 
cupric oxide, 0i3, 04, 72. 

— cujinms, oxide, 01. 

— feme aluminato, 57- 

oxide, 55, 72. 

— ferrous oxide, 02-3. 
gold, 58-01. 
green, 48. 62-i). 
lead antmionate, 53. 
manganese dioxide, 70-2 
potassium antimonite, 52. 

— jiurplo, 50-01. 
red. 48, 57-01. 

- rose purple, 01. 

— silver oxide, 54. 

— smalt, 08-9. 

— • so<liuin-gold chloride, 58. 

— testing, 85. 
tin-gold chloride, 59. 

— violet, 40, 70. 

! yellow, 49-66. 

I - ■, 68-0. 

' Pipeclay for tluxes, 44. 

' Pleischel’s enai^els, 170. 
iPlumbifertius cover enamels, 131, 

I 

1 Porcelain in cover enamels, 132, 
134. 

— siierds for fluxes, 45, 46. ' 

Potiish, 24. ' 

— sulphate of, 24. 

Potassium antimonite pigment, 

52. 

— compounds for enamels, 

23-5. 

Preparation of technical enamels, 
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m 


purple enamel, 181. ^ 

. — . of owsius, 59. 

»— |3igmentM, r)9-(il. 

Q. 

Quartz, purifying, 18. » 

— sand. Sn' Silica 
— See Siljuft. 

Quenching emunol itias.ses, 117- 
—- quartz, 20. 


R. . 

Red enamel, 181. 

— lead, 82 

— pigments. 40. 57-01. 
Re-eiiamelhng eld ware, 140. 
Refractory enamels. 120 

— ground enamels, 128 
Rejiainng defects, 155-() 

Rock*crystal S<< Silica 
Roman glass, t^mposiiion uf. *.t 
Rose purjile ])iginent, 01 
Riisslev’s gas furn-ice. 77. 78 

S. 

Saltpetre ;in a decolorani, 74, 78. 
Scouring irou\van‘ he eiiamellmg, 
100 

Sedimentation, washing ()imil/. 
by, 19 

Sheet metal wave, ouainelliiig loH. 

109, 171. 

Silica, 15-22. 

— acid characlei ot, 10. , • 

— allotropic forms of. lo. 

— impurities lUf 17, 18. 

— prejiarmg for use, 19-22. 

— pro})erlies <d, lo 

— punfyiugylH. 

.— soluble, Iti. 

— solveuu*»f, 19. 

— SiUirces <d, 19, 17- 

—* testing, 88 

— purity of. 18. 

. varieties of, 19. 

Silicates, pigmentary, 7. 

Silver, colour reactions of, 89 

~ oxide pigment, 54. 


j Smalt, ()8-9. 

} - as a decolorant, 121, 122. 

[Smelting, electric. lll*-2. 

— enamel masses, 104-18, KW. 

— furnace.s, 108-12. 

Soda, e.alcined, 25 

— “enamel." 2(i 

vSndmm carhoii.ato 25 See nl'.o 
S(ida 

- chloride, 25 

- compounds foi enamels, 

25-7 , 

gold chloiide [ugment. 58. 

-- nitrate a.s ,v decolorant. 
74 

sulphate Srr (iI.iuIkh’ salt. 
Specialties m en.uiielliug. 198-72. 
Sugar moulds, riiamel toi. lt>9. 
Siilpli.ate ot potasli. 24 


T. 

'I\'slmg ellect i.t dec*>loiaills, 75*7. 

enamelled waiu hu' leail 

e^mpounds, 129, 1.57 
tiled enamels, 15ii-7. 
pigments. 85 

i.iw mateiials .md eiiaimd 

mass, 79-87 , 

- aaUu.HO 

u lute le.id, 8;» 

Tin asli. Srt 'I'm i)\id»^ 

gohl clilonde pigment, tit,t 
i>\ide, 8.5 8H 

ladi.iviotii of, in enamel 
mass, 128 

Topaz. 1-5 

Tiarisfeis. df(oi.itioii h\, l()tl,'l97. 
'ri.iiislueeiil, eoloured eiiamels, 

178, 179 


u. 

lhamum. colour reactions <d. 8t). 
<)\id(‘ |iigmeiit, 50, 

V. 

Violet enamel, 188 • 

pigments, 49, 71- 


[H 
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W. I _ , . Y. 

Water, action’of, on glasK, 9 ' Yellow enairiel, 17S, 181. 

— use of, m enamol-makiug, — pigments, 49-56. 

88-90. 

“ WaterglasH," 6. 

White enamel for jewellery, 175,, Z. 

176. 

— lead, 82. 

Withorite, 34. 

Wood ashes, 24. 


•t 

Zatl're, 68-9. 

Zinc, coloui reactioufc' pf, 


86 . 
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